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Abstract

ancer is one of the leading causes
of death worldwide, and the second
leading cause of death in Cuba. To
address this serious health problem,
some research has involved suppressing tumor
growth by inhibiting the angiogenesis process
using several molecules including antibodies. A
divalent version of antibody fragments, the CIGB-
598a, with a molecular weight between 100 and
110kDa, has been expressed in CHO cells specific
for a novel epitope of the human vascular endothe-
lium growth factor (VEGF). This material has been
generated at the Center for Genetic Engineering
and Biotechnology to support cancer research
efforts. As in other studies involving the purifi-
cation of recombinant molecules, CIGB-598a
exhibited a high degree of aggregation in the CHO
cell culture supernatant. This required the design
of a downstream process capable of removing
high levels of aggregates to obtain a highly pure
target molecule for use in preclinical studies and
human applications further down the road. We
have developed a suitable downstream method
based on the combination of three chromatog-
raphy processes: affinity, cation-exchange, and
anion-exchange that recover a relatively low level
of CIGB-598a, but at a level of high purity (greater
than 95%) with fewer aggregates (below 1%).

Introduction

Cancer is one of the leading causes of death world-
wide. It is expected that annual cancer cases will reach
about 22 million in the next 20 years."" In Cuba, it has been
the second leading cause of death for more than three
consecutive decades. It is estimated that 21,000 people die
of cancer each year in Cuba./? In response, considerable
efforts have been made to overcome this serious health
problem, with limited success.

Currently, one of the research fields targeting cancer
is aimed at the suppression of tumor growth by inhib-
iting the angiogenesis process, which is closely associated
with tumor cell proliferation and essential for tumor
metastasis.'® This process starts when tumor cells release
angiogenic factors to promote the development of new
blood vessels. Thus, tumor can be irrigated, receiving
oxygen and nutrients necessary to grow and colonize other
areas of the body." In regard to this, one of the molecules
that contribute to this complex biological process is the
vascular endothelial growth factor (VEGF).™!

Based on this fact, some treatments have been devel-
oped to rationally use VEGF inhibitors considered influential
on tumor development without affecting the development
of other blood vessels in the human body. In addition,
several clinical studies have shown that VEGF inhibitors
may have important effects on certain tumor types without
the major adverse events.!e!

The CIGB-598a divalent version of antibody fragments
specific for a novel epitope of the VEGF has a molecular
weight between 100 and 110 kDa."”? This molecule has been
expressed in Chinese hamster ovary (CHO) cells. During
the design of downstream methods to obtain a CIGB-
598a molecule with high purity, an unexpected problem
involving high levels of aggregation was encountered in
the CHO cell culture supernatant. Aggregates ranging from
dimer to visible particles have been recognized for over
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a half-century.®® This is a critical issue because a high
level of aggregates in the therapeutic product presents
health risks. It could activate the immune system against
the target molecule and thus, slow down the biological
activity, effectiveness, or potency of the protein-based
drug."®'2 |n addition, it might have a decisive influence
on the recovery of the downstream process and the cost
of the therapeutic product.

Regulatory agencies clearly state in their guidelines
for the manufacturing of therapeutic products that mini-
mizing protein aggregation is mandatory, to the best
extent possible. Using appropriate cell substrates, manu-
facturing conditions that minimize aggregate formation,
robust purification schemes for good aggregate removal,
and choosing formulations and containers that minimize
aggregation during storage are imperative.

Therefore, the subject of this study was to design a
downstream method to obtain the CIGB-598a with less
than 1% aggregates and more than 95 % purity to allow its
further application in preclinical studies and use in humans.
The process is based on the combination of chemical
conditions such as acid pH and several chromatographies.

Materials and Methods

Cell Line and CIGB-598a Properties

The CIGB-598a antibody was obtained by transfection
of CHO-K1 cells with the pVSJG-huFc-598a homemade
plasmid. The cell line was grown in Dulbecco’s Modified
Eagle Medium (DMEM)/F-12 medium (Gibco™, Thermo
Fisher Scientific) supplemented with 8% fetal bovine serum
(FBS) (Gibco, Thermo Fisher Scientific) (v/v). This cell line
produced a divalent version of a human antibody fragment
with a molecular weight between 100 and 110 kDa, specific
for a novel epitope of the human VEGF (Figure 1).1”!

Supernatant Production

Transformed CHO cells frozen in liquid nitrogen
were thawed at 37°C and seeded into a 25 cm? T-flask

at a concentration of 3x10° cells/mL. Then culture was
expanded to a 75 cm? T-flask to produce the cell amount
needed to inoculate 1L spinner-flasks. The culture medium
used was DMEM/F-12 supplemented with 8% FBS, 2mM
L-glutamine, 1 mM sodium pyruvate, and 177 mM sodium
bicarbonate. The cell culture was always kept at 37°C in
an atmosphere between 5-7 % CO,. The medium was
replaced every 48 hours to help reach maximum viable
cell density. Each cell culture supernatant was harvested,
clarified by centrifugation in a SCR7B centrifuge (Hitachi),
and stored until purification. Prior to CIGB-598a purifica-
tion, harvests were pooled and filtered through a filtration
capsule (Sartorius Stedim) with a pore diameter of 0.22 um.

Determining CIGB-598a Aggregation Status
by Dynamic Light Scattering (DLS) Technique

To measure the particle-size distribution of CIGB-
598a in the cell culture supernatant, DLS was performed
using a DelsaNanoC particle characterization instrument
(Beckman Coulter). The device features a diode laser
(30mW, A=658 nm) capable of measuring at scattering
angles of 15° and 165°, respectively. Determinations were
carried out at a backscattering angle of 165°. Scattered light
was detected using a photo multiplier tube and analyzed
with a digital correlator. A sample volume of T mL in poly-
styrene fluorescence cuvettes Sarstedt (hydrodynamic
diameter [hd] =1 cm) was used. The method of cumulants
was used to calculate the z-average (of hd) and polydis-
persity index (PI).

Determining the Effect of pH
on CIGB-598a Aggregation

CHO cell culture supernatant (1L) was taken to purify
the CIGB-598a by affinity chromatography using Protein A
Sepharose Fast Flow (PASFF) (GE Healthcare Life Sciences)
following the protocol described below. Six 5 mL samples
were taken for protein quantification by measuring the
absorbance at a wavelength of 280 nm in a Spectronic
GENESYS™ 2 spectrophotometer (Thermo Fisher Scientific).

FIGURE 1. Illustration of the CIGB-598a molecule structure.
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From these samples, one was kept at the same pH of the
elution fraction (sample 1, pH 3.7), while the pH of the
other samples was adjusted with 2 M Tris-HCl to different
pH values (sample 2, pH 5.8; sample 3, pH 6.8; sample 4,
pH 7.8; sample 5, pH 8.8; and sample 6, pH 9.8). Five minutes
following adjustment, samples were centrifuged at 310xg
for 20 min. The supernatant absorbance was measured
again at 280 nm to calculate recovery and determine the
proportion of aggregates, dimers, and monomers.

Determining the Proportion of
Aggregates, Dimers, and Monomers

The molecular distribution was determined by size-
exclusion high-performance liquid chromatography
(SE-HPLC) using a YL9100 HPLC-system (Young Lin
Instrument), a 600 mm x 7.5 mm ID column (Tosoh), and
Superdex 200 (GE Healthcare Life Sciences) as the matrix.
The equilibration buffer used was 100 mM acetic acid,
100 mM sodium acetate, 150 mM NaCl, pH 4.4. All samples
(100 uL) were dissolved in the same buffer to be applied
onto the system. Absorbance was measured at 280 nm.

Affinity Chromatography

To capture the CIGB-598a recombinant molecules, an
XK 26 column (GE Healthcare Life Sciences) packed with
5.8 mL of PASFF was coupled to a Watson-Marlow 505U
peristaltic pump and a visible-ultraviolet flow cell UviCord
SIl (GE Healthcare Life Sciences) at 280 nm. The column
was equilibrated with 25 mM Tris, 25 mM NaCl, pH 7.1. Cell
culture supernatant was applied at linear flow of 79 cm/h.
After sample application, column was washed with 25 mM
Tris, 25 mM NaCl, pH 7.1. Then the elution of CIGB-598a
was performed with 100 mM acetic acid, 100 mM sodium
acetate, pH 3.7.

Cation-Exchange Chromatography

About 3.2 mL of SP Sepharose High Performance
(GE Healthcare Life Sciences) were loaded into a PD10
column (GE Healthcare Life Sciences). Later, samples were
applied at linear flow of 50 cm/h using 100 mM acetic
acid, 100 mM sodium acetate, 30 mM NaCl, pH 4.4, as an
adsorption buffer. Several elution buffer salt concentra-
tions were assessed for the proper separation of dimer
and monomer aggregates using 50 mM, 100 mM, 150 mM,
200 mM, 250 mM, 350 mM, 400 mM, and 450 mM of NaCl.

Anion-Exchange Chromatography

About 5.6 mL of DE-52 cellulose resin (GE Healthcare
Life Sciences) was also loaded in a PD-10 column. The
column was equilibrated using 100 mM acetic acid, 100 mM
sodium acetate, 30 mM NaCl, pH 4.4. Samples of the cation
exchange chromatography in 100 mM acetic acid, 100 mM
sodium acetate, 350 mM NaCl, pH 4.4, were applied at a

linear flow of 55 cm/h. In this case, the non-bound fraction
was collected. After a subsequent washing with 100 mM
acetic acid, 100 mM sodium acetate, 30 mM NaCl, pH 4.4,
contaminants (mainly DNA) were eluted with 100 mM acetic
acid, 100 mM sodium acetate, 500 mM NaCl, pH 4.4.

CIGB-598a Purity Measured by
Sodium Dodecyl Sulfate/Polyacrylamide
Gel Electrophoresis (SDS-PAGE)

The CIGB-598a molecular identity pattern and purity
were determined following the procedure described by
Laemmli."¥! Separated proteins were stained with R-250
Coomassie® brilliant blue (Bio-Rad Laboratories), and purity
was estimated by a densitometry analysis using the GS-700
imaging densitometer with Molecular Analyst™ software
(Bio-Rad Laboratories). Under reducing condition, the
SDS-PAGE pattern expected for the CIGB598a molecule
was one band, about 55 kDa, although two bands around
50-55kDa can also be expected because of differences in
the glycosylation patterns.

CIGB-598a Immunoblotting

SDS-PAGE samples were transferred by a semi-dry
electrophorectic transfer onto a Hybond-C nitrocellu-
lose membrane of 0.45 um (GE Healthcare Life Sciences)
and immunoblotted." The membrane was then blocked
with 5% skim milk powder in 150 mM PBS, pH 7.6, for 2h
at 37°C. For the detection of CIGB-598a, the blocked and
washed membrane was incubated with a rabbit polyclonal
antibody preparation specific for human IgG and conju-
gated with horseradish peroxidase (Sigma-Aldrich) diluted
1:4000 in 150 mM PBS with 0.1% Tween 20, pH 7.6, for 1 h
at 37°C. After subsequent washing steps with 150 mM
PBS containing 0.1% Tween 20, pH 7.6, the substrate solu-
tion (50 mM sodium acetate, pH 5.5 with 0.05% H,0,,
0.02% 3-amino-9-ethylcarbazole [AEC] dissolved in
N,N’-dimethylformamide) was applied.

Determining CHO Cell Nucleic
Acid by Dot-Blot Analysis

The CHO cell DNA content in the purified CIGB-598a
preparation was determined according to the method
reported by Brown.!"® The CHO cell DNA was quantified
using P32-labeled CHO cell digested chromosomal DNA.

Statistical Analysis

A one-way analysis of variance (ANOVA) test was carried
out for comparing statistical experimental results. The
confidence level applied was 0.05. The test was applied
using the software Statgraphics® Plus v. 5.0 (Statpoint
Technologies) and other mathematical analyses were done
using Excel 2003 software (Microsoft).

Winter 2016/2017 BioProcessing Journal [Vol.15/No. 4] @ Since 2002: www.bioprocessingjournal.com


http://www.bioprocessingjournal.com
http://eng.younglin.com/product/productView.do?goodsSeq=288
http://eng.younglin.com/product/productView.do?goodsSeq=288
https://www.separations.us.tosohbioscience.com/HPLC_Columns/id-8327/TSKgel_G3000SWxl
http://www.gelifesciences.com/webapp/wcs/stores/servlet/productById/en/GELifeSciences-us/17517501
http://www.gelifesciences.com/webapp/wcs/stores/servlet/productById/en/GELifeSciences-us/28988951
http://www.watson-marlow.com/gb-en/range/watson-marlow/500-benchtop-pumps/
http://www.gelifesciences.com/webapp/wcs/stores/servlet/productById/en/GELifeSciences-us/80108065
http://www.gelifesciences.com/webapp/wcs/stores/servlet/catalog/en/GELifeSciences-us/products/AlternativeProductStructure_17466/17108701
http://www.gelifesciences.com/webapp/wcs/stores/servlet/catalog/en/GELifeSciences-us/products/AlternativeProductStructure_17311/
http://www.gelifesciences.com/webapp/wcs/stores/servlet/catalog/en/GELifeSciences-us/products/AlternativeProductStructure_17442/
http://www.gelifesciences.com/webapp/wcs/stores/servlet/catalog/en/GELifeSciences-us/products/AlternativeProductStructure_17442/
http://www.bio-rad.com/en-us/product/coomassie-stains?WT.srch=1&WT.mc_id=aw-pqd-NA-stains_coomasie_brand_gold&WT.knsh_id=b38e679e-b6e7-4291-a820-745b2ed00126
http://www.bio-rad.com/en-us/category/gel-imaging-systems
http://www.gelifesciences.com/webapp/wcs/stores/servlet/productById/en/GELifeSciences-us/25006566
http://www.sigmaaldrich.com/catalog/product/sigma/a8792?lang=en&region=US
http://www.statgraphics.com/
http://www.statgraphics.com/
https://www.microsoftstore.com/store/msusa/en_US/list/categoryID.4811993500?WT.mc_id=pointitsem+Google+Adwords+Excel+-+EN&s_kwcid=AL!4249!3!170841849061!e!!g!!microsoft%20excel&invsrc=search&ef_id=WG-QmwAABLgk-HDH:20170203191816:s

Purification of a Divalent Version of Antibody Fragments Specific for a Novel Epitope of the Human VEGF with Low Aggregate Level and High Purity

Results and Discussion

Currently, CHO cell is the best-liked choice for the
production of recombinant therapeutic proteins. This
cell has proven to be a safe host cell for decades, so it is
somewhat easier to obtain approval in the market for ther-
apeutic proteins. This kind of cell line is also easily adapted
to shaking culture conditions, which are cultivated on an
industrial scale using bioreactors. For instance, recent
advances in cell culture technology have demonstrated
that expression of recombinant proteins with a glyco-
sylation pattern similar to human N-glycosylation in CHO
cells can reach values close to 10g/L in bioreactors.l'¢'®
Therefore, these arguments were some of the reasons
why the CHO cell was chosen for the expression of the
CIGB-598a in this study.

The maximum cell concentration achieved in the 75 cm?
T-flask was 1.42x10° cells/mL for a total yield of 71x10°
cells after 72 h of culture. They were used to inoculate
a 500 mL spinner flask containing 230 mL of fresh cell
culture medium. Under these conditions, the cell viability
reached 98.2% and the maximum cell concentration was
1.52 %108 cells/mL after about 96 h of culture. The specific
cell secretion was 6.58 pg/cell, which yielded 10 mg/L of
CIGB-598a. This value is considered low in comparison to
those reported for the expression of recombinant proteins
in CHO cell (40 mg/L) grown in spinner flasks.[" However,
in the case of the CIGB-598a molecule, the amount in the
cell culture supernatant was underestimated due to a high
level of CIGB-598a molecule aggregation, as determined
by DLS (~70%). Figure 2 shows a CIGB-598a particle size
distribution for aggregates in values close to 100 nm,
which is almost 11 times higher than the diameter for

the monomers of CIGB-598a.

The term “protein aggregation” covers a wide spectrum
of interactions among protein molecules. For example, the
antibody aggregation can occur through several mech-
anisms including the formation of a chemical bond by
weak, non-covalent interactions, and also by electrostatic
interactions. Therefore, aggregates can be classified as:
soluble or insoluble, reversible or irreversible, covalent
or non-covalent, etc. The aggregation can affect the anti-
body efficacy since it is known to provoke immunogenic
reactions or a slowdown in the activity of the dimers/
monomers in the organism, and other adverse events.!2%
The aggregation phenomenon is common in antibody
production, but can often be moderated during purifica-
tion processes by controlling conditions such as pH, ionic
strength, temperature, and protein concentration."®2" One
of the most significant factors to be considered is pH, as it
has proven its effect on the aggregation of multiple anti-
bodies. Acidic pH values can cause antibody aggregation,
but it varies according to antibody characteristics.[2""22

An experiment to observe the effects of different
pH values on aggregation was performed using CIGB-
598a previously purified by affinity chromatography. The
authors would like to point out that insoluble CIGB-598a
aggregates observed after elution by affinity chromatog-
raphy were separated by centrifugation®®! and discarded
before initiating the study. Next, the pH of the samples was
changed to 3.7, 5.8, 6.8, 7.8, 8.8, and 9.8 to measure CIGB-
598a concentrations after centrifugation. Results show a
CIGB-598a recovery ranging from 96.2+6.4% to 87.3+9.8%.
The lowest proportion of insoluble aggregates was found
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FIGURE 2. lllustration of the aggregation status of the CIGB-598a in the cell culture
supernatant measured by DLS. Blue: CIGB-598a after affinity chromatography (including
aggregates). Red: Cell culture supernatant. Black: DMEM/F-12 medium/5% FBS.
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FIGURE 3. CIGB-598a recovery after separating insoluble
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FIGURE 4. (A) SE-HPLC chromatographic profile performed
to estimate the proportion of CIGB-598a aggregates, dimers,
and monomers. Fraction 1: aggregates; Fraction 2: dimers;
and Fraction 3: monomers. The pH values correspond with
colors. Gray: pH 3.7; Red: pH 5.8; Pink: pH 6.8; Blue: pH 7.8;
Green: pH 8.8; and Brown: pH 9.8. (B) The relationship among
CIGB-598a aggregates, dimers, and monomers.

in the pH 3.7 sample (Figure 3). Nevertheless, it is worth
emphasizing that the soluble CIGB-598a amount recov-
ered in each sample, about 49-70%, was also aggregated
(pH 3.7:49.8 £1.3%; pH 5.8: 61.7+£0.8%; pH 6.8: 63.6£0.8%;
pH 7.8:59.9+6.4%; pH 8.8:69.3+2.2%; pH 9.8: 72.0 £ 3.7 %;
p=0.0155) (Figure 4). Extrapolating data showed that about
70% of CIGB-598a was aggregated (soluble+insoluble) in
the cell culture supernatant (pH 6.8).

By comparing the proportions observed with those
described in published literature, it can be summarized
that the CIGB-598a molecule has a very high tendency to
aggregate. As described by Yoshino and Cromwell!20:21,
a high percentage of aggregates for molecules ranging
from 8-25% is reported. On the other hand, data from this
experiment also demonstrated that the CIGB-598a molecule
tends to form more aggregates in less acidic pH values,
or in basic pH values. This behavior differs from those
reported in the literature which states that acidic condi-
tions cause a higher degree of antibody aggregation.?"22
However, similar behavior was described for other anti-
bodies (e.g., the rhmAb-VEGF molecule) sharing similarities
with CIGB-598a.123!

When designing the downstream method for CIGB-598a
purification, several aspects were taken into consideration:
characteristics of the CIGB-598a molecule, the required
levels of purity, and the feasibility of chromatographic
techniques for future industrial-scale processes. The down-
stream method presented in this paper was designed using
information described by Fahrner et al.’?¥ (Figure 5). The
cell culture supernatant was centrifuged at 1500 rpm
and filtered through a 0.2 pm membrane filter to remove

Supernatant
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FIGURE 5. General flowchart of the
CIGB-598a downstream purification method.
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cell debris. Subsequently, several chromatography steps
(affinity, cation-exchange, and ion-exchange) were applied
to capture the CIGB-598a molecule, eliminate or reduce the
level of aggregates, and purify the material (for staphylo-
coccal protein A, host cell DNA, and other contaminants).
The combination of these chromatographic steps provide
a product with high recovery and purity.24

In this study, CIGB-598a purity levels were estimated by
SDS-PAGE, and recovery by affinity chromatography was
90.0+3.6% and 89.0 + 1.8 %, respectively. These results are
lower than those described by Fahrner et al.?¥ for this type
of chromatography, who reported values higher than 95%
for SDS-PAGE purity and recovery following purification of
therapeutic monoclonal antibodies (mAbs). However, other
reports have published data revealing recoveries similar to
those found in this study.!?*! Values reported by Fahrner
et al.>¥ corresponded with mAbs including aggregates in
the range of 15%. This could explain recovery levels below
90%. In the case of CIGB-598a, the aggregation level was
between 50% and 55% at pH 4.4.

In the cation-exchange chromatography step, a study
of salt concentration gradient was initially carried out to
determine elution conditions whereby aggregates, dimers,
and monomers could be separated. The salt concentration
gradient studied ranged from 50 mM to 450 mM NaCl at
pH 4.4. It is important to emphasize that the pH value
used was 4.4, not 3.7, (as determined in the pH value study)
because the chromatography matrices used are unstable
at pH values under 4.0. As a result, CIGB-598a was not

LA

detected in the 50 mM, 100 mM, and 450 mM NaCl fractions.
On the contrary, the CIGB-598a eluted from the column at
150 mM, 200 mM, 250 mM, 350 mM, and 400 mM of NaCl.
Nevertheless, CIGB-598a degradation (from 49% to 7 %)
was detected in the NaCl 150 mM, 200 mM and 250 mM
fractions, respectively.

CIGB-598a SDS-PAGE purity measured in the three frac-
tions was less than 95% (58+2.4%, 63+2.9%, and 93+ 1.4%,
respectively). The presence of low molecular weight bands
in these cation-exchange chromatography elution fractions
was not observed in the affinity chromatography elution
fraction at pH 3.7, but bands of 40, 30, and 25 kDa were
detected after 24 h of storage at pH 3.7. The presence of
these bands was also analyzed by an immunostaining tech-
nique using a conjugate of a rabbit antibody preparation
specific for anti-human IgG to see if they were part of the
CIGB-598a or contaminants and impurities. Results showed
that these bands corresponded to CIGB-598a fragments.
This degradation of the molecule could be attributed to
the presence of proteases that co-eluted from the affinity
chromatography columns and/or by the low pH conditions
(Figure 6).

On the other hand, the CIGB-598a SDS-PAGE purity esti-
mated in the 350 mM and 400 mM NaCl concentrations was
higher than 95%, respectively, which is the minimum level
of purity required for a therapeutic product. The 450 mM
NaCl elution fraction was discarded because of the unac-
ceptably high level of soluble aggregates. In detail, about
96+ 1.4% of SDS-PAGE purity was measured in the elution
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(A) Results of CIGB-598a purity measured by SDS-PAGE using a gel of 10% polyacrylamide under reducing condi-
tions. Lane 1: molecular weight marker (MWM); Lane 2: fraction eluted at 150 mM NaCl; Lane 3: fraction eluted
at 200 mM NaCl; Lane 4: fraction eluted at 250 mM NaCl; Lane 5: fraction eluted at 350 mM NaCl; and Lane 6:

fraction eluted at 400 mM NacCl.

(B) Identification of recombinant CIGB-598a by immunoblotting technique. Lane 1: MWM; Lane 2: fraction eluted
at 150 mM NaCl; Lane 3: fraction eluted at 200 mM NaCl; Lane 4: fraction eluted at 250 mM NaCl; Lane 5: fraction
eluted at 350 mM NaCl; and Lane 6: fraction eluted at 400 mM NaCl.
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fraction using 400 mM NaCl. However, aggregates greater
than 150 kDa cannot be observed with SDS-PAGE. A subse-
quent analysis in the SE-HPLC system evidenced about
61% soluble aggregates and 39% dimers+monomers in
the elution fraction. This analysis also corroborated the
absence of soluble aggregates in fractions eluted from
150 mM to 250 mM Nacl, and less than 1% of aggregates in
the fraction eluted with 350 mM NaCl. As can be noted, the
SE-HPLC purity increased from 51% to 99% (dimers+mono-
mers) in the 350 mM NaCl fraction (Figure 7). Therefore,
the highest CIGB-598a elution amount with high SDS-PAGE
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(>95%) and SE-HPLC purity (< 1% aggregates) was detected
only in the 350 mM NacCl elution fraction.

The CIGB-598a recovery (dimers+monomers) in the
350mM fraction was as low as 16.5+2.4%. The simplest
explanation to this lower recovery was that CIGB-598a
was equally distributed in almost all elution fractions
of the cation-exchange chromatography. Thus, further
experimentation must be done to characterize this wide
distribution in the elution conditions. Likely, the complex
differential aggregation status of the molecule and the
possible interaction with other contaminants such as host
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FIGURE 7. CIGB-598a molecular homogeneity
measured by SE-HPLC.

(A) Fraction eluted at 150 mM NaCl. Peak 1: dimers;
Peak 2: fragments.

(B) Fraction eluted at 200 mM NaCl. Peak 1: dimers;
Peak 2: monomers; and Peak 3: fragments.

(C) Fraction eluted at 250 mM NaCl. Peak 1: monomers;
and Peak 2: dimers.

(D) Fraction eluted at 350 mM NaCl. Peak 1: aggregates;
Peak 2: dimers; and Peak 3: monomers.

(E) Fraction eluted at 400 mM NacCl. Peak 1: aggregates;
Peak 2: dimers; and Peak 3: monomers.
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cell DNA could provoke a different association constant
by the chromatography matrix.

As a final purification step, anion-exchange chroma-
tography was assessed in order to remove traces of host
cell DNA and other impurities not removed in the previous
steps. This chromatographic step was introduced in this
downstream design following the recommendations of
the published literature we referenced because, due to
the cell culture conditions (spinner-flask and lab-scale),
significant amounts of CHO cell DNA were not detected
in the initial samples. This could have more importance
for industrial-scale processes.

The theoretical isoelectric point of CIGB-598a is 8.9.
Therefore, it is positively charged at acid pH and thus does
not bind well to an anionic-exchange matrix. Because
of this, CIGB-598a was collected in the non-bound frac-
tion of the anionic-exchange chromatography, yielding
a molecule with 98+1.5% recovery, a SDS-PAGE purity
of 97+0.5%, and a VEGF recognition capacity with an
affinity constant equal to 2.3x 10 M. In addition, the CHO
cell DNA quantified in the final preparation of CIGB-598a

was very low (<7.5 pg/mg CIGB-598a), which is 13 times
lower than those approved or suggested by the regulatory
agencies for this kind of therapeutic products. Thus, the
CIGB-598a preparation has a high level of purity, elimi-
nating the risk of potentially carcinogenic residual DNA
in a product intended for humans (Table 1).

Finally, the recovery of the whole downstream process
was 13.6+2.0%. Authors speculated that it was mainly due
to the CIGB-598a molecule’s propensity for aggregation
and the fragmentation produced during the purifica-
tion steps. This recovery value is less than reported by
Fahrner et al., which reported values from 50-65% of
recovery.?¥ Even though the CIGB-598a molecule could
be classified as a valuable therapeutic candidate for
cancer treatment, the potential for commercial-scale
profitability could be affected by the very high level of
aggregation and low recovery. Therefore, some mutations
in the amino acid sequence of the CIGB-598a molecule
and other chemical conditions can be studied to over-
come aggregation and increase downstream process
recovery.

TABLE 1. Results of the CIGB-598a purification.

Steps SDS-PAGE Purity (%) Recovery (%) Aggregate Level (%) k) aeéz?)l;?ns;)ntent

Cell Culture Supernatant Non-determined — ~70 —

Affinity Chromatography 90+3.6 89+4.7 50 Non-determined
Cation-Exchange Chromatography 96+2.4 16+2.4 <1 Non-determined
Anion-Exchange Chromatography 97+0.5 98+1.5 <1 <7.8

Sterile Filtration 97+0.5 975+1.0 <1 <7.8

Total Recovery — 13.6+2.0 — —

Conclusions

The vast majority of the CIGB-598a molecule was
aggregated under cell culture conditions. The CIGB-598a
formed the lowest formation of aggregates at pH 3.7. The
molecule can degrade after 24 h of storage under low
pH conditions. The CIGB-598a degradation fragments can
be eliminated in the cation-exchange chromatography
using up to 100 mM acetic acid, 100 M sodium acetate,
250 mM NaCl, pH 4.4. The CIGB-598a (dimers+monomers)
can be eluted from the cation-exchange chromatography
using 100 mM acetic acid, 100 M sodium acetate, 350 mM

NaCl, pH 4.4. CIGB-598a aggregates can be eluted from the
cation-exchange chromatography using 100 mM acetic
acid, 100 M sodium acetate, 400 mM NaCl, pH 4.4. The
ratio of CHO cell DNA/CIGB-598a molecule was lower
than 7.8 pg DNA/mg CIGB-598a. Finally, the downstream
process recovery was low, but the purity of CIGB-598a
molecule purified by the combination of PASFF resin,
cation-exchange chromatography, and ion-exchange
chromatography was very high (<1% aggregates with
>95% purity).
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