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1. Introduction

ABSTRACT

Biological drugs represent an important and rapidly growing class of therapeutics useful in the treatment
of a variety of disorders ranging from cancer to inflammation to infectious diseases. Unlike single chemi-
cal entities, the recombinant production of these drugs in living cells confers considerable structural and
chemical heterogeneity to the biologically derived protein product that constitutes the active pharma-
ceutical ingredient (API). In mammalian based expression systems, much of this diversity is conferred
through heterogeneous protein glycosylation. These post-translational modifications can have signifi-
cant effects on the structure, biological function, and pharmacological properties of the API. In addition,
the bulk proteins that comprise the API are further formulated through the use of multiple excipients
designed to ensure product stability, solubility, and lot-to-lot consistency. Unfortunately, these matrices
can interfere with commonly available analytical methods used in the thorough chemical characteriza-
tion of the biological drug product. At the same time, a demonstration of the suitable extraction of the
bulk drug substance in a manner and form that does not destabilize the active ingredient or introduce
any structural bias with direct reference to the original drug product is both critical and necessary. Here,
we use recombinant human follicle stimulating hormone (follitropin alpha for injection) from a pharma-
ceutical source as an example to illustrate a suitable purification strategy to effectively extract the bulk
drug substance from the formulated drug product with high purity and yield. We assess the suitability
of this extraction method in preserving the structural integrity and overall quality of the drug substance
relative to the formulated drug product, placing a particular emphasis on glycosylation as a key product
attribute. In so doing, we demonstrate that it is possible to effectively extract the active pharmaceutical
ingredient from a formulated biological drug product in a manner that is consequently sufficient for its
use in comparability studies.

© 2010 Elsevier B.V. All rights reserved.

through established analytical testing, including monodimensional
NMR and mass spectrometry. However, of increasing interest and

For many pharmaceutics, drug product characterization is rel-
atively straightforward. Non-biological agents, often referred to
as small-molecule drugs, are typically of low molecular size and
are manufactured in chemical reactors rather than in biological
systems. The structure of small-molecule drugs can be verified
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tricfocusing; PCD, postcolumn derivatization; MALDI-TOF-MS, matrix-assisted laser
desorption/ionization-time of flight mass spectrometry.
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importance are drugs of biological origin (hereafter referred to
as biologics) that are manufactured by inserting genes into liv-
ing cells so as to recombinantly produce a therapeutic protein of
interest. Many biologics are glycoproteins, consisting both of a
protein backbone and additional post-translational modifications,
including, for example, phosphorylation and/or N- and O-linked
glycosylation. Protein glycosylation, in particular, represents one
of the most structurally complex, post-translational modifications;
as such, the resultant glycoproteins are, in reality, comprised of a
heterogeneous mixture of many isoforms. Because of their struc-
tural complexity and size, assessing the structure of biologics is
a formidable task compared to assessing the structure of small-
molecule drugs, which generally have fewer than 100 atoms. For
example, using molecular weight as a measure of size, human
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growth hormone is more than 150 times larger than aspirin and a
monoclonal antibody is more than five times larger still than human
growth hormone.

The glycosylation status of a given biologic has been shown to
be important to its biological function, stability, and pharmacolog-
ical properties; numerous studies have identified roles for specific
monosaccharides on glycoproteins in terms of modulating biologi-
cal activity. Examples include the degree of sialylation and half-life
[1-4], core fucosylation and antibody-dependent cytotoxicity [5]
and the presence of galactose a1 — 3 galactose and immunogenic-
ity [6-8]. In these cases, complex glycoprotein biopharmaceuticals,
such as antibodies, follicle stimulating hormone (FSH), and ery-
thropoietin as examples, consist of a range of isoforms due to the
presence of different glycoforms, each with potentially different
activity, stability, and/or serum half-life.

Given the complexity of biologics and the fact that the presence
and amount of different isoforms dictates their biological func-
tion, characterization of the mixture becomes critical to the overall
assessment of the product obtained from a given manufactur-
ing process. Numerous techniques have been used to characterize
biologics, including HPLC and CE [9-11], also coupled to mass spec-
trometry [12],and NMR [13], among others. One critical component
of many of these studies is the requirement for API to be free of
components within the drug product formulation, which may con-
found analysis through signal suppression, presence of background
analytes, and other technical hindrances. To this end, we present
here a straightforward purification strategy to effectively isolate
a biologics API from its original drug product formulation, result-
ing in quantitative productive yields while also preserving product
integrity and the overall product quality profile relative to original
pharmaceutical drug product from which it was derived. Gonal-
F® (generic name follitropin alpha for injection), a commercial
preparation of recombinant human follicle stimulating hormone
(FSH) was used as a model glycoprotein biologic to demonstrate
our approach. The drug product formulation of Gonal-F is rather
complex; it includes a number of excipients such as salts (e.g.,
sodium phosphate), osmotic regulators (e.g., sucrose) and other
stabilizers (e.g., methionine and polyoxamer). In fact, on a mass
basis, less than 0.1% of the bulk drug product is actually comprised
of recombinant human FSH (follitropin-a). As such, quantitative
extraction represents a challenging scientific problem. Further-
more, FSH exists not as a single molecular structure, but rather
as multiple, charged isoforms that result from variations in the
composition of the four carbohydrate chains (in particular their
sialic acid content) attached to the two (a and () inter-linked
protein subunits [14-16]. These isoforms differ in their molecular
weights, biological potency, elimination half-life and immunoreac-
tivity [17-19]. Furthermore, the o and 3 subunits of FSH interact
with one another through non-covalent interactions. Therefore,
dissociation of these subunits from one another is an exquisitely
sensitive readout of whether disruption of the API has occurred.
Preventing the dissociation of these subunits is critical to ensure
the native structure of the protein and, accordingly, an un-biased
analysis.

In this study, rh-FSH was isolated from Gonal-F® using differ-
ent chromatographic fractionation methods and one workflow was
found optimal to meet our satisfaction. The isolated FSH was subse-
quently analyzed through a series of established analytical methods
to assess the overall quality and structural integrity of the API fol-
lowing extraction. A particular emphasis was placed on protein
integrity (i.e., maintenance of the o and 3 subunits interaction)
and profiling of protein glycosylation. Based on this assessment,
we conclude that rh-FSH, when carefully isolated from the drug
product maintains its overall structural integrity and glycan pro-
files (composition) relative to the drug product from which it was
derived.

2. Methods
2.1. Materials

Recombinant gonadotrophins (r-hFSH, Gonal-F®) were pro-
duced by Merck KGaA/EMD Serono (Switzerland). Reagents used
in this study, unless otherwise specified, were purchased from
either Sigma (St. Louis, MO) or Fluka (Bucho, Switzerland). 10%
Bis-Tris and 14% Tris-Gly gels were purchased from Invitrogen.
PNGase F (Glycerol Free), supplied in 50 mM NaCl, 20 mM Tris-HCl
(pH 7.5) and 5mM EDTA, was purchased from New England Bio-
labs.

2.2. FSHisolation by Hitrap DEAE-FF-IEX

Each Gonal-F® pen contains approximately 1.5mL in liquid
formulated solution. For this study, multiple pens of the same
lot were dispensed and combined, then loaded on to a Hitrap
DEAE-FF column (GE Healthcare life science, Cat# 17-5154-01) at
a flow rate of 2 mL/min under isocratic condition of 100% buffer
A (2mM phosphate, pH 7.4). The baseline of the flowthrough
was monitored at 230 and 280 nm until a return to baseline was
observed, then the enriched FSH was eluted under a gradient of
buffer B (2 mM phosphate + 500 mM NacCl) from 0 to 50% within
20 min. The eluted peak was collected and applied to an Ami-
con Ultra 10k MWCO (Millipore, Billirico, MA) Centrifuge device
(15mL). The centrifuge was spun for 1h at 3000 rpm at 4°C and
washed with buffer of 5mM phosphate containing 150 mM NacCl
pH 7.4. After concentration, fractions were combined and stored at
—-80°C.

2.3. FSH quality and quantity by SEC-HPLC

Chromatography was performed on Dionex Ultimate 3000 sys-
tem with two SEC columns connected in series (Tosoh Bioscience,
G3000SW and G2000SW). The sample (either Gonal-F® drug prod-
uct or isolated rh-FSH) was dissolved in running buffer (5 mM
sodium phosphate, 150 mM sodium chloride) at a concentration
range of 0.5-1 mg/mL. 20 pL of sample solution was injected onto
the LC system and eluted under isocratic conditions within 1h
at flow rate of 0.5 mL/min. The eluted peaks were monitored by
UV detector (absorbance at 214, 230 and 280 nm) and refractive
index detector sequentially. The isolated FSH concentration was
determined, and purity, quality, and recovery were compared to
Gonal-F®.

2.4. r-hFSH intact and dissociated subunit content by SDS-PAGE

NuPAGE® Novex 10% Bis—Tris Gel 1.0 mm x 10 well (Invitrogen)
and Tris-Glycine Invitrogen™ 14% Tris-Glycine Gel 1.0mm x 12
well were used to evaluate the content of intact FSH as well as
dissociated subunits. Protein markers (SeeBlue® Plus Pre-stained
Standard (Invitrogen)) were used on the gel to assess molecular
weight. Gels were run under standard conditions (25V, 131 min,
24 mA, power 3.0 W, room temperature).

2.5. FSH isoform distribution by IEF

Precast Novex® pH 3-7 IEF Gel 1.0 mm, 10 well was purchased
from Invitrogen (Invitrogen, Cat. No. EC6645BOX) and directly used
to evaluate FSH isoform pattern distribution according to the ven-
dor manual. [EF protein Marker 3-7 (Cat. No. 39212-01) was used
as a standard. The IEF gel was stained by Coomassie G-250 (Invit-
rogen).
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Scheme 1. Schematic workflow of FSH isolation from Gonal-F®. Workflow C was
found to be the optimal isolation pathway for FSH.

2.6. Intact FSH isoform profiling by high resolution IEX-HPLC

Gonal-F® (Lot# Y40B7171) and isolated rh-FSH from this lot
(~6 pg FSH) were individually injected onto a SAX-HPLC Column
(Sepax Tech, Proteomix SAX-NP1.7) using a Dionex ICS3000 system
with two detectors: a UV-vis detector and a fluorescence detector.
The flow rate was 0.1 mL/min and column was keptat 50 °C. FSH iso-
forms were eluted using a gradient of buffer B (10-55% in 50 min).
Buffers A: 20 mM Tris/HCI, pH 8.0 and B: 20 mM Tris/HCl + 450 mM
NacCl, pH 8.0. Detection was completed using UV at 214,230,280 nm
as well as intrinsic tryptophan fluorescence emission at 320 nm
(excitation at 272 nm).

2.7. Glycan preparation

Prior to digestion, Gonal-F® was concentrated by centrifugation
using a Centricon filter without passing through Hitrap DEAE-FF
catridge (workflow D in Scheme 1). This concentrated FSH (work-
flow D) was used as a reference of Gonal-F®, which represents FSH
drug product. Due to the low concentration of rh-FSH present in
the commercial drug product, (~44 pg/mL), it was not technically
feasible to obtain directly from the commercial Gonal-F® sufficient
glycan quantities, for downstream structure assessment without
first concentrating the recombinant glycoprotein by ultrafiltration
The isolated FSH through workflow C and workflow D, separately
was used for glycan analysis after enzymatic release using PNGase
F. Briefly, about 100 g of FSH was incubated in denaturing buffer
at 100°C for 10 min in a heat block. Then sequential addition of
NP-40, G7 reaction buffer and PNGase F (1 wL/20 wg of glycopro-
tein) was performed, followed by incubation at 37 °C for 18 h. The
resulting mixture was applied to a pre-treated 3 mL Hypercarb car-
tridge (Thermo-Fisher Scientific) which had been pre-equilibrated
with 2x 5 mL of 50% acetonitrile/0.1% TFA. After addition of the gly-
cans, the cartridges were washed with 5mL of water followed by
5 mL of 5% acetonitrile/0.1% TFA and eluted with 2x 2.5 mL of 50%
acetonitrile/0.1%TFA. Samples were frozen and dried by lyophiliza-
tion. The resulting glycan samples were stored at —20°C prior to
use.

2.8. Glycan mapping by SAX-HPLC followed by online postcolumn
derivatization (PCD)

Unlabeled glycans were directly profiled by strong anion HPLC
and detected using in-line postcolumn derivatization with 2-
cyanoacetoamide. The mobile phases were defined as A: water;
B: 2 M sodium chloride, pH 7.0. The pH was adjusted using either
sodium hydroxide (1.0N) or hydrochloric acid (1.0N). A CarboPac

PA-100 strong anion exchanger column was used for separation
using a gradient of B from 2% to 50% over 60 min. The total flow
rate was kept constant at 1 mL/min The eluent was subjected to
in-line derivatization using a 3% 2-cyanoacetoamide solution and
0.6 M sodium hydroxide by mixing and then passing the mixture
through a reaction heating coil set in a dry temperature-controlled
bath at 125 °C, followed by a cooling coil. Derivatized glycans were
subsequently monitored by fluorescence (emission at 410 nm and
excitation at 346 nm).

2.9. Glycan analysis by MALDI-TOF-MS

The unlabeled glycan mixture was mixed at 1:9 with a matrix
comprised of a 10mg/mL ATT (6-azo-thiothymine) solution in
anhydrous ethanol 1.0 L, and spotted on a MALDI plate (Applied
Biosystems or equivalent, Cat. V700666). The plate was pre-
deposited and dried with 1.0 uL of Nafion. As an alternate matrix
saturated DHB (2,6 dihydroxybenzoic acid) in 300 mM aqueous
spermine tetrahydrochloride mixed 1:1 with the sample. 1.0 wL
of each matrix:sample mixture was likewise spotted. All spotting
was done in a humidity control room to minimize sample moisture.
The spectra produced by each sample were examined for signs of
glycan degradation as well as for the presence of significant alkali
metal adducts. Analysis of acidic glycans was performed in reflec-
tron mode selecting for negative ions. The sensitivity was evaluated
by determining the lowest detectable amount of each glycan for
each of the matrices tested and calculating the corresponding signal
to noise ratio.

3. Results
3.1. Purification of FSH from Gonal-F®

The principal goal of this study was to effectively isolate the
API (i.e., th-FSH) of Gonal-F® in a facile and reproducible manner
while achieving high yield, and the preservation of critical sam-
ple quality. Toward this end, we first examined several approaches
(schematically depicted in Scheme 1). These empirical approaches
sought to utilize one or more of the physico-chemical properties or
the recombinant glycoprotein product, including molecular mass,
charge, and hydrophobicity. In Scheme 1, workflow A was based on
the affinity based fractionation of FSH using Blue Sepharose® CL-GB.
This design was attempted since Blue Sepharose is commonly used
chromatographic isolation procedure whereby many proteins are
able to bind under conditions of relatively low ionic strength, and
are subsequently eluted by raising the salt concentration or chang-
ing the mobile phase pH. We found that this approach resulted,
however,in alow recovery of FSH (~30%) from the commercial drug
product. Workflow B used semi-preparative SEC-HPLC fractiona-
tion and resulted in a reasonably high recovery of rh-FSH (~70%).
The overall process by workflow B was relatively time consum-
ing. However, for this reason this particular workflow was likewise
not pursued any further. Workflow D was straightforward and effi-
cient; however, the recovery (60-85%) was not consistently high.
Of all the isolation procedures examined, workflow C was found
to be superior to the rest inasmuch as it met our requirements of
high product yield and workflow efficiency. This workflow involved
online separation of excipients from the rh-FSH with concomi-
tant concentration of the glycoprotein following multiple rounds
of binding (4x 4 mL) to a Hitrap FF cartridge. Subsequent desalt-
ing of the eluted product was achieved by simply using an Amicon
Ultra membrane (10k MWCO). Isolation of rh-FSH from Gonal-F®
by this two-step process resulted in a mass recovery of >90%.

To assess reproducibility, three additional batches of Gonal-F®
materials were processed using this isolation procedure (workflow
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Table 1
Summary of the recovery yield from three batches of Gonal-F® purification.

Gonal-F lot# # Pen received # Pen processed Recovery yield (%)
Y40B1502 166 164 90
Y40B4802 70 68 95
Y40B1667 70 68 92

C).Table 1 summarizes the results from the isolation of rh-FSH (bulk
drug substance) from three lots of Gonal-F®. All three-batches’ drug
substance fractions were quantified by SEC-HPLC: a quantitatively
reproducible yield of approximately 90% was routinely achieved. Of
note is the fact that the actual amount of FSH present in Gonal-F® in
comparison with the mass of excipients is low, accounting for ~0.1%
of the total mass of the formulated drug product. As such, quan-
titative isolation for this drug product is challenging; Detection
is likewise difficult given the low concentration of the recombi-
nant protein product in such a formulation (Fig. 1A); FSH present
in a single pen of Gonal-F® is below the limits of detection by UV
absorbance at 280 nm. However, after online enrichment (4x 4 mL
loading), the FSH-specific protein peak is clearly observed as shown
in Fig. 1B. To ensure the absence of introduced bias, we exten-
sively analyzed the attributes of the isolated drug substance and
compared these to the attributes of FSH in the initial drug product
formulation, using a number of analytical procedures.

3.2. Assessment of FSH integrity by SEC-HPLC

Initially, to assess the quality and purity of isolated FSH, we
completed analysis by SEC-HPLC. SEC-HPLC is known to sep-
arate intact protein from degraded size variants, as well as
monomers from oligomers. Additionally, SEC-HPLC has recently
been used to quantify FSH for clinical use (http://www.
fertilitylifelines.com/index.jsp). Additionally, the drug product vial
is filled by mass [15,16]. As a result, FSH can be reliably quan-
tified using an optimized size exclusion high-performance liquid
chromatography (SEC-HPLC) method.

Fig. 2 shows a comparison of Gonal-F® and isolated FSH by SEC-
HPLC analysis. The isolated FSH sample eluted as a single peak
using UV detection, which has an identical elution time (12.5 min)
as FSH in drug product matrix. These results suggest that the iso-
lated FSH is the same size as it is within Gonal-F®. This does

Norm. 7 (A)
Excipients flow-through

2000 4
1750 4

3007
1250 o
1000 4

0

500

250 <

1]

8 T “'g‘*~$—~'£(”'5 S BEE A

5

not appear to be either aggregation or degradation of the sample.
Importantly, dissociation of FSH into o and 8 subunits, an indi-
cator of sample instability, is not observed. Further inspection of
the HPLC profile for Gonal-F® indicates that there are two other
peaks present besides that of FSH. These two peaks eluted later
(16 min, 26 min) than FSH. The largest peak at 26 min is identified
as the low molecular weight excipients, such as sucrose, methio-
nine, cresol as well as salts. The peak eluting at 16 min is likely to
be the result of micelles formed from polysorbate in the formula-
tion buffer. As additional demonstration of the robustness of this
approach, analysis of multiple-batches of isolated FSH from Gonal-
F®, indicates high reproducibility and recovery. We quantitatively
analyzed the SEC-HPLC profile for concentration determination as
shown in Fig. 3. Fig. 3A shows a comparison of isolated FSH to
FSH within the Gonal-F® drug product. Fig. 3B shows an overlaid
SEC-HPLC profiling from three independent isolations of FSH from
three lots of Gonal-F®. In each case, the SEC-HPLC profiles overlay
almost perfectly. Additionally, it should be noted that the SEC-HPLC
resulted in single peak monitored by refractive index detection
(data not shown), and recovery yields were calculated based on
this mass concentration measurement (Table 1). Consistent, with
the analysis of the UV profiles, we find that isolation of FSH from
drug product results in near quantitative recovery. To confirm and
extend the results obtained from SEC-HPLC, we examined the iso-
lated FSH product by a variety of analytical techniques.

3.3. Comparative analysis of rh-FSH by SDS-PAGE

SDS-PAGE was used as an initial (and routinely used) analytic to
directly compare the relative product attributes of isolated rh-FSH
drug substance to the original drug product (Gonal-F) from which it
was derived, especially in terms of subunit integrity and the appar-
ent molecular weight distribution of the various heterogeneously
glycosylated isoforms that collectively comprised the biological
product. In its native state, FSH is a heterodimer comprised of non-
covalently associated o and 3 subunits. The apparent molecular
weight of native FSH (heterodimeric form) is reported as approx-
imately 33 kDa [20,21], with ~30% of this molecular weight being
comprised of carbohydrates. We sought to benchmark our studies
using high resolution TOF-MS to measure the respective masses of
the a and B subunits. MS analysis of the isolated rh-FSH (Gonal-F®
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Fig. 1. Chromatographic fractionation of recombinant human FSH from drug product (Gonal-F®) by ion-exchange chromatography. FSH was fractionated on a Hitrap DEAE-FF
Cartridge as described in Section 2. (A) Full-scale of the chromagogram with the gradient elution after a single load (4 mL) of Gonal-F® drug product solution. The elution
gradient is shown. (B) Zoomed scale chromatogram with the same gradient elution after multiple loading (4x 4 mL) of Gonal-F® (Lot# Y40B7171) solution to increase product

detection by UV absorbance.
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Fig. 2. Comparison of isolated FSH with Gonal-F (Lot# Y40B7171) by SEC-HPLC (zoomed scale) with detection at 214 nm. Red traces represent the isolated FSH, the black
traces represent analysis of Gonal-F®. (For interpretation of the references to color in this figure caption, the reader is referred to the web version of the article.)

Lot# Y40B4802) indicated a highest abundance molecular mass of
14606.7 and 17542.8 Da for the a and 3 subunits, respectively (data
not shown). This yielded a calculated molecular mass of 32149.5 Da
for the most abundant heterodimer FSH isoform. SDS-PAGE analy-
sis confirms the molecular mass of multiply isolated rh-FSH batches
to be consistently in this range (Fig. 4A). Notably, isolated FSH
remains as heterodimer, and is neither dissociated, nor present
in higher molecular order oligomers (aggregates) when analyzed
under native conditions. Moreover, rh-FSH analyzed by this method
appears to be physically indistinguishable from the Gonal-F drug
product present on the same gel. Such a first pass analysis indi-
cates at least no gross changes in the overall structure between the
drug substance and the drug product, including post-translational
modifications due to glycosylation.

3.4. Intact FSH isoform pattern and distribution by IEF gel

While SEC-HPLC and SDS-PAGE methods are useful as first-pass
methods to quickly demonstrate the overall integrity and purity of
isolated FSH, these two techniques are clearly limited in their abil-
ity to provide more detailed structural information on glycoform
diversity and, along these lines, any impact our purification of the
recombinant drug product may have on glycan structure relative to
the formulated drug product from which it was derived. Therefore,
we chose to investigate the use of two orthogonal, higher reso-

lution methods for the comparative analysis of intact isoforms of
FSH, namely electrophoresis-based IEF and chromatography-based
[EX-HPLC.

Isoelectric focusing (IEF), is a technique for separating different
molecules by their electric charge differences. It is a type of zone
electrophoresis, which takes advantage of the fact that a molecule’s
charge changes with the pH of its surroundings. Based on the amino
acid composition of FSH, the appropriate IEF gel was chosen to
resolve FSH isoforms in the pH 3-7 range. Fig. 5 shows a compari-
son of multi-lot analysis of rh-FSH by IEF gel. All lots of isolated FSH
qualitatively appear to have the same number of isoforms; addi-
tionally the isoform distributions of the samples are very consistent
with one another. The migration pattern for a given glycoprotein
within an IEF gel is predominantly dictated by the net charge of
the glycans, including sialic acid, and possibly sulfation, or phos-
phorylation [22,23]. Based on this comparison of the IEF results we
conclude that isolation of rh-FSH from the drug product did not
result in any detectable charge change in the fine structure of FSH,
including the number and distribution of acidic glycan species.

3.5. Intact FSH isoform profiling by high resolution IEX-HPLC

To further analyze the distribution of isoforms, we used a high
resolution ion-exchange chromatography technique to compare
and quantify isoform distributions of the isolated FSH and FSH in
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Fig. 3. (A) Comparison of one batch Gonal-F (Lot# Y40B7171) and isolated FSH by SEC-HPLC (full-scale) with detection at 280 nm. Red trace represents Gonal-F and black
trace represents isolated FSH. (B) Overlaid SEC-HPLC of three batches of FSH isolation from respective lots of Gonal-F (zoomed); red trace represents Gonal-F Lot# Y40B1502,
blue trace represents Lot# 40B4802, black trace represents Lot# Y40B1667. (For interpretation of the references to color in this figure caption, the reader is referred to the

web version of the article.)
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Fig. 4. Characterization of extracted recombinant FSH by non-reducing SDS-PAGE. Gels were stained by Coomassie G-250. (A) Samples were not heated prior to running
on 10% Bis-Tris NuPAGE MES. Lane 1, protein marker (Invitrogen BenchMarkTM Pre-stained, Cat#10748-010); Lane 2, the isolated FSH (~1 wg) from workflow C (Gonal-F®
Lot# Y40B7171); Lane 3, Gonal-F DP Lot# Y40B1502 (~0.44 p.g). Lanes 4, 5, 6, the isolated FSH (~0.8 ng) from Gonal-F® Lot# Y40B1502, YA0B4802, YA0B1667, respectively.
(B) Samples were heated to 80°C for 5 min and remained as «, 3 subunits (non-separated) and run on 10% Bis-Tris NuPAGE. Lane 1, protein marker (Invitrogen, SeeBlue®
Plus2 Pre-Stained Standard (Cat. No. LC5925)); Lane 2, isolated FSH from Gonal-F Lot# Y40B7171 (1.4 pg loaded); Lane 3, Gonal-F Lot# Y40B7171 (~0.88 g FSH loaded). (C)
Samples were run on 14% Tris-Glycine SDS-PAGE. Lane 2, the isolated FSH (~1.4 u.g from Gonal-F® Lot# Y40B71710) was intact and unheated; Lane 3, purified and isolated
FSH subunit-« from intact FSH (Gonal-F® Lot# Y Y40B7171); Lane 4, purified and isolated FSH subunit-3 from intact FSH (Gonal-F® Lot# Y40B7171).

the context of drug product. As shown in Fig. 6, the isolated FSH and
Gonal-F® were injected and analyzed by this system. Careful exam-
ination of the region bounded by retention times between 35 and
65 minindicated that there are at least 10 peaks which are eluted for
both samples under identical conditions. Comparison of the results
for isolated FSH and Gonal-F® indicate that the two profiles are
essentially superimposable, each one being comprised of the same
number of peaks. The consistency of the isoform profiles in Fig. 6
demonstrates two facts, at least. First, FSH after isolation maintains
a correct higher-order structure. To confirm this observation, the
dissociated «, 8 subunits were observed to elute at different reten-
tion times and different distribution patterns (data not shown here)
under identical conditions. Therefore it is concluded that the o and
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Fig. 5. Examination of isolated FSH from Gonal-F by IEF gel (pH 3-7 1.0mm). The
IEF gel was stained by Coomassie G-250. Lane 1, IEF marker; Lane 2, ~4 ug con-
centrated by workflow D (Gonal-F Lot# Y40B7171); Lane 3, 0.44 ug Gonal-F DP
Lot# Y40B1502; Lane 4, 0.88 g Gonal-F Lot# Y40B1502; Lane 5, 1.32 pg Gonal-F
Lot# Y40B4802; Lane 6, 4 pg isolated FSH from Gona-F lot Y40B1502; Lane 7, 4 ug
FSH isolated from Gona-F Lot Y40B4802; Lane 8, 4 n.g FSH isolated from Gona-F lot
Y40B1667.

[3 subunits within isolated FSH remain associated with the correct
stoichiometry. Second, based on this analysis, there is no detectable
change in the charged glycoform states and distribution of glycans.
The sialic acid content is labile to changes in buffer pH, tempera-
ture, salt content, and storage conditions. No such desialylation of
isolated FSH was observed as shown in Fig. 6.

3.6. Glycan profiling by SAX-HPLC-PCD

The SEC-HPLC and high resolution IEX-HPLC are orthogonal but
complementary HPLC-based techniques to evaluate the quality and
structural integrity of isolated FSH protein as compared to FSH
in the context of Gonal-F®. However, neither technique explicitly
looks at glycan fine structure. In case of FSH, there are a total of four
N-linked glycosylation sites [24,25]. In an effort to assess the over-
all quality and content of the glycans present on isolated FSH, they
were profiled by SAX-HPLC-PCD (Fig. 7A) and compared to the gly-
cans obtained the directly from Gonal-F® (Fig. 7B). In this analysis,
the glycans elute as a function of the number of sialic acids, which, in
turn, is linked to their charge. In this technique, the groups of peaks
corresponding to glycan species with different levels of sialylation
are well separated without overlap. As shown, the stacked SAX-
HPLC-PCD profiling for released glycans of isolated FSH are similar
and consistent to FSH in the context of drug product. Quantitative
analysis through integration of each peak for these two profiles also
suggest that relative distribution of charged glycan clusters such as
neutral, mono-, di-, tri-, and tetra- sialylated glycans is consistent
between isolated FSH and FSH in the context of drug product.

3.7. Glycan profiling by MALDI-TOF-MS

To further assess the glycan structures present on FSH, MALDI-
TOF-MS was utilized to evaluate relative glycan composition.
MALDI-TOF-MS under linear mode is a high throughput and sen-
sitive technique to determine glycan composition. As shown in
Fig. 8, the isolated glycans were profiled by MALDI-TOF-MS. Gly-
can composition and proposed structures are depicted above each
MALDI-TOF-MS peak. Taken together with the results from SAX
analysis, we find that there is no difference in either the type or
distribution of glycans between isolated FSH and FSH in the context
of drug product. The interpretation of the MALDI-TOF-mass spec-
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Fig. 6. Comparison of intact isoforms of the isolated FSH and Gonal-F® by IEX-HPLC. About 6 g FSH was injected to the SAX-HPLC Column (Sepax, Proteomix SAX-NP1.7)
using a Dionex ICS3000 system with two detectors: a UV-vis detector and a fluorescence detector. The flow rate was 0.1 mL/min and column was kept at ambient temperature.
FSH isoforms were eluted using a gradient of buffer B (10-55% in 50 min). Buffers A: 20 mM Tris/HCl, pH 8.0 and B: 20 mM Tris/HCl +450 mM NacCl, pH 8.25. Detection was
completed using UV at 214, 230, 280 nm as well as fluorescence emission at 320 nm (excitation at 272 nm).
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of glycans obtained from the concentrated FSH by workflow D (Gonal-F® Lot# Y40B7171).
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Fig. 8. Comparison of the intact glycan pool by MALDI-TOF-MS under linear negative mode. (A) Glycans were generated from concentrated Gonal-F (Lot# Y40B7171), which
was through Centricon centrifugation only. (B) Glycans were generated directly from isolated FSH by workflow C (Lot# Y40B7171).

tra confirmed that the N-glycans are of complex type with di-, tri-,
tetra-antennary species. Fucosylated and non-fucosylated species
were detected. The charged glycans with different number of sialic
acids are also detected. Although the MALDI-TOF-MS is not a quan-
titative technique, the distribution trend of glycans with charged
numbers and antennarity is correlated with the charged glycan
profiling by SAX-LC-PCD (Fig. 7). For instance, the monosialylated,
disialylated glycans, i.e., biantennary species either fucosylated
(4,5,1,1,0), (4,5,1,2,0), or non-fucosylated (4,5,0,1,0), (4,5,0,2,0)
species are the most abundant species, as consistently observed
by both SAX-HPLC-PCD (Fig. 7) and MALDI-MS (Fig. 8). There is
no detected degraded forms lacking one or two hexose residues
(galactose residues, loss of 162 Da), N-acetylhexosamine residues
(GIcNAc, loss of 203), and/or sialic acid residue (NeuAc, loss of
291 Da). Furthermore, the glycan structures observed by this anal-
ysis are consistent with previous reports [25]. Therefore taken

together, this analysis allows us to conclude that the glycans remain
intact before and after isolation from Gonal-F®, confirming the
development of a robust, quantitative method to isolate FSH from
drug product.

4. Discussion

In this study we report an optimized isolation procedure for
isolating recombinant FSH (FSH) from a commercial drug prod-
uct in a manner that preserves the integrity and glycan properties
of the starting material based on directed analytical methods
intended to assess these attributes while also providing valuable
information related to product recovery. Using FSH as our model
protein, we, in fact, identified a robust, simple workflow (work-
flow C, Scheme 1). Recombinant glycoprotein derived from this
procedure was demonstrated to be highly pure with reproducibly
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demonstrated yields exceeding 90%. Notably, the approach of using
immunoaffinity chromatography [26,27] was not evaluated in this
study, for at least two reasons: (1) using a FSH-specific monoclonal
antibody may result in antibody lot-to-lot variability; (2) typical
conditions used to elute isolated products typically involves low
pH, conditions which are known to affect fine structure, especially
glycosylation. Gonal-F® 9001U/1.5 mL (66 wg/1.5 mL) was chosen
as a test case since it contains a large excess of excipients, such
as salts, sucrose, methionine, m-cresol and polysorbate; the active
ingredient FSH is usually present at less than 0.1% by mass. The
difficulty of isolating heterogeneous active ingredient from bio-
logics drug product and assessing structural integrity has been
recognized and limited not only by the complexity of structural
heterogeneity/diversity but also by the art of the state of analyt-
ical tools. As demonstrated by this work, we have surmounted
many of these challenges and designed an approach that allows
us to obtain a high recovery of the API isolated from the drug
product. Also, we have put into place a set of analytical meth-
ods post-isolation that allow for a robust assessment of quality
attributes of the API, which provides assurance that the isolation
procedures used do not compromise the structural attributes of the
sample.

In this context, a total of six methods were deployed to evaluate
and assess the sameness of the isolated FSH in comparison to FSH
present in Gonal-F®. SEC-HPLC and SDS-PAGE were utilized first
to assess protein quality, purity, recovery and structural integrity.
We find that upon using an optimized isolation procedure, FSH
remains intact as a heterodimer, and is not dissociated into its sub-
units (Figs. 2-4); nor was there any indication of aggregation or
oligomer formation. Furthermore, no significant impurities were
introduced by the isolation procedure. As a result, the isolated FSH
preserves its quality and higher-order structure to the same extent
asitdoesin the context of drug product. IEF and high resolution IEX-
HPLC methods (described in Sections 2.5 and 2.6) were deployed
to assess the structural integrity of intact protein glycoforms. Ten
bands (Fig. 5) were visualized on IEF gel, and at least 11 peaks (Fig. 6)
were resolved by HR-IEX-HPLC. IEF separates intact glycoprotein
isoforms based on the net charge of protein, while HR-IEX-HPLC
separates intact glycoprotein isoforms based on the surface charge
of protein. The consistency of intact protein glycoform distribution
and profiles by IEF gel and IEX-HPLC confirmed again the quality
and structural integrity were assured after the FSH isolation from
its formulated drug product.

The results observed by multiple analyses (SEC-HPLC, SDS-
PAGE, IEF and IEX-HPLC methods) provide substantive evidence
that the quality, chemical properties, and structural integrity of the
isolated FSH are preserved and unchanged by the isolation process
from the original drug product presentation. Each of these methods
has its own level of sensitivity and resolution. In certain respects,
certain methods not only capture potential changes within the pri-
mary structure of FSH, including changes in glycosylation; a subset
of these methods (e.g., SEC-HPLC and possibly [EX-HPLC) also pos-
sess the requisite sensitivity to detect global changes in product
conformation. As such, these methods represent a reasonable and
potentially more sensitive approach to monitor changes in product
structure and integrity in comparison to the orthogonal use of an in
vivo biological assay. Of particular note here, SEC-HPLC is routinely
used by the manufacturer as a standard method to “fill-by-mass”
(FbM) for the final product without the requirement of an in vivo
bioassay [16].

The complex composition of glycans attached to glycoprotein
drugs, i.e., FSH in this case, has drawn more attention due to its sig-
nificant role in biological functions [14,25,28]. Furthermore, given
the lability of the glycans (specifically sialic acids), it is impor-
tant to ensure that the isolation procedures have not compromised
the glycan structural attributes. Therefore, in the current work,

after assessing the intact protein quality and structural integrity
by the above four methods (SEC-HPLC, SDS-PAGE, IEF, IEX-HPLC)
that were focused on assessing the overall glycoprotein attributes,
two methods (SAX-HPLC-PCD) and MALDI-TOF-MS were deployed
to specifically evaluate glycan charge, size and composition masses
distribution. The SAX-PCD method was ion-exchange chromatog-
raphy based that separates glycan species according to their charge
and size, whereas the MALDI-TOF-MS method, typically utilized to
profile glycan compositional masses, provides an orthogonal set of
information. As demonstrated in Figs. 7 and 8, consistent data were
observed across the methods. Combined together, these two meth-
ods sufficiently demonstrate glycan quality is preserved before and
after isolation procedures.

In particular, for glycan profiling (Figs. 7 and 8) assessment, it
should be pointed out that a direct glycan analysis of the formu-
lated Gonal-F® (directly from the pen) was technically not feasible
without first concentrating the formulated product prior to glycan
release by enzymatic digestion with PNGase F. The API (FSH) con-
centration present in Gonal-F® is extremely low even when present
in the highest dose (9001U/1.5 mL pen =44 pg/mL). For this reason,
we view workflow D (direct concentration of the drug product) as
a reasonable facsimile of the drug product inasmuch as it does not
fractionate the API through any purification step or reconstitute it
in an entirely different formulation. Our results indicate that FSH
quality and structural integrity by workflow D were maintained
during the straight forward step of product concentration. In prac-
tice, however, while workflow D preserved the product quality
of the formulated drug product, the resultant yields made this a
suboptimal method for recovering the APIL

Taken all presented evidence together in Figs. 2-8, we con-
clude that the quality and structural integrity of the isolated FSH
is maintained, and our work has demonstrated a feasible path-
way to isolate API (i.e., complex heterogeneous biologics) from a
commercially formulated drug product. While FSH presents a rep-
resentative case in our current methodology, the overall approach
presented here can be likely extended to other glycoprotein drugs,
including monoclonal antibodies.
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