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ABSTRACT

Racotumomab monoclonal antibody is a murine anti-idiotypic antibody. This monoclonal antibody mimics
N-glycolyl-GM3 gangliosides has been tested in several clinical trials Phase I/Il for breast, melanoma and
non-small cell lung cancer patients as an anti-idiotypic cancer vaccine. The early production process was per-
formed in vivo from mice ascites fluid. This process was transferred to bioreactor-based method at pilot scale
followed to the scale-up of the fermentation. In this work we present a comprehensive molecular characteriza-
tion of racotumomab MAb produced by the two different production scales in order to determine the impact of
the manufacturing process in vaccine performance. We observed differences in glycosylation pattern and charge
heterogeneity between racotumomab produced in both scales. Interestingly, these modifications had no signifi-
cant impact on biological activity elicited in chickens. So, changes in primary structure like glycosylation, charge
heterogeneity and oxidation did not affect biological activity of the vaccine.
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1. Introduction increment of tumor cell apoptosis, an increment in the
number of tumor- or metastases-infiltrating CD4 and CD8
lymphocytes and a reduction of the number of blood
vessels [8]. Phases | and Il clinical trials have demon-
strated the safety and immunogenicity of racotumomab-
alum vaccination in patients with advanced melanoma,
breast and lung cancer [9-12]. From these latter studies,
high titer antibody responses to NeuGc-containing gan-
gliosides were measured in the sera of vaccinated pa-
tients. For Phases 1 and 2 clinical trials, racotumomab
was produced in mouse ascites, a common practice in the
1990’s for small scale antibody production.

We first developed a new bioreactor-based process
using protein-free media for the production of racotu-
momab at 10 L fermentation scale. Later, due to the ne-
cessity to increase in production volume, it was neces-
“Corresponding author. sary to transfer the production process to new facilities

Racotumomab [1] is a murine anti-idiotype (Ab2) mo-
noclonal antibody (MAb) generated by immunizing
BALB/c mice with P3 [2], an Ab1l MAb that specifically
recognizes N-glycolylated (NeuGc) gangliosides, sulfated
glycolipids, and antigens present in various types of hu-
man tumors including those from the lung [3-7]. Our
hypothesis was that racotumomab could act as a surro-
gate of NeuGc-containing gangliosides generating auto-
logous antibodies in the immunized species which react
with the Ab2 idiotype and with the NeuGc-containing
gangliosides. The aluminum hydroxide-precipitated ra-
cotumomab vaccine formulation (racotumomab-alum vac-
cine) was capable to induce antitumor effects in murine
models. These antitumor effects were associated with an
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with a fermentation scale of 41 L (racotumomab-ST41L).
Racotumomab produced from bioreactors (racotumomab-
ST10L and racotumomab-ST41L) has to be bioequiva-
lent to ascites fluid-produced racotumomab (racotumo-
mab-AF) in order to ensure the same effect in the pa-
tients. This bioequivalence has to be demonstrated by a
set of physicochemical (determination of the molecular
weight of the intact molecules and light chains, the se-
quence of N-terminal peptides, the degree of oxidation
by mass spectrometry, and the size and charge of the
molecule as determined by dynamic light scattering) and
biological methods as required by regulatory authorities
for characterization of MAbs [10]. But, because racotu-
momab is used as an adjuvated vaccine additional cha-
racteristics should be taken into account. The first bioe-
quivalence study between racotumomab-AF and racotu-
momab-ST10L was reported by Machado and colleagues
in 2011 [1].

In the present study, we show the detailed molecular
and immunological characterization of racotumomab ob-
tained by two different production methods in two scales
in order to determine the impact of the manufacturing
process in vaccine performance.

2. Materials and Methods
2.1. Materials

The culture and fermentation of racotumomab hybridoma
cell line, purification and alum-formulation processes for
racotumomab-ST10L were described by Machado and
colleagues previously [13]. The racotumomab obtained
from 41 L fermentation was purified by Protein A affini-
ty chromatography using MAbSelect Sure matrix, fol-
lowed by anion and cation exchange chromatography (Q
and SP Sepharose FF) and Sepharose G-25 size exclu-
sion chromatography (all from GE Healthcare, USA).

2.2. Analysis of Intact Molecule, Heavy and
Light Chains by Mass Spectrometry

For mass spectrometry (MS) analysis of intact racotu-
momab, one lot of racotumomab-ST10L and 3 different
lots of racotumomab-ST41L were desalted using solid
phase Cleanup C18 Pipette Tips, as recommended by the
manufacturer. The desalted samples were mixed 1:1 with
sinapic acid solution at 10 mg/mL and 1.5 pL were ap-
plied on a MALDI plate and allowed to dry at room
temperature.

The mass spectrometer (Axima Performance, Shimadzu,
Japan) was operated in the linear mode, at the range of
m/z 1000 - 200,000, the laser power was 85, for the cali-
bration of the mass range of spectrometer in the experi-
ment, ProteoMass Calibration Standards Kit (Sigma, cat.
No-1KT MSCAL2) was acquired for 100 profiles per
sample and each profile was the average of 10 laser shots.
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2.3. Amino Acid Sequence and Posttranslational
Modifications (PTMs) Analysis

Lyophilized MAbs (50 pg) obtained from each process
were dissolved in 50 pL of 25 mM of Tris-HCI buffer,
pH 8.5 with 8 M Urea. After addition of DTT to a final
concentration of 50 mM, the mixture was flushed with
N2 and incubated for 3 h at 37°C. Following this step the
sample was cooled to room temperature, acrylamide was
added to a final concentration of 100 mM and the mix-
ture incubated for 20 min in the dark at room tempera-
ture.

The samples were diluted 8 times to a final concentra-
tion of 1 M Urea. After addition of 1 ug trypsin, the
mixture was incubated at 37°C for 18 h. The reaction was
stopped by addition of 2% (v/v) TFA in water. The pep-
tide mixture was analyzed directly by MALDI-MS.

Analyses of peptides by MALDI-TOF MS were per-
formed on an Axima Performance mass spectrometer.

(Shimadzu Biotech, Japan) equipped with a 337 nitro-
gen laser and a collision-induced dissociation (CID)
chamber with helium gas. Analyses were carried out in
reflector mode (Mr < 5000) with delayed extraction. The
instrument was calibrated externally using ProteoMass
Peptide Calibration kit (Sigma), low mass gate value of
700 was selected. Data analyses were performed using
Shimadzu Biotech Launchpad software (Shimadzu Bio-
tech, Japan).

Digested peptides were purified using CleanUp Pippet
Tips C18 (Agilent, USA) as recommended by the manu-
facturer. Sample was deposited on the MALDI plate by
the dried-droplet sample preparation method using a-
cyano-4-hydroxycinnamic acid (CHCA), 10 pg-uL™, in
TFA-water-acetonitrile (0.1:30:70, v/v).

2.4. Analysis of Charge Heterogeneity

Racotumomab-STs (approximately 100 pg each) were
diluted five-fold with buffer A (10 mM sodium acetate
pH 5) loaded onto a ProPacl0 WCX column (Dionex,
Houston, USA) and eluted with buffer B (10 mM sodium
acetate, 1 M NaCl pH 5). The gradient was performed in
two steps, from 8% to 13% B in 5 min and 13% to 20%
B in 20 min. Protein elution was monitored by absor-
bance at 280 nm.

2.5. N-Glycosylation Analysis

N-glycans were released by digestion with peptide-
N4-(N acetyl-b-d-glucosaminyl) asparagine amidase F
(PNGase F, BioLabs, Beverly, MA, USA), using the me-
thod described by the manufacturer. Briefly, MAbs- Ra-
cotumomab were denatured at 100°C for 10 min in 0.1%
SDS, 5% b-mercaptoethanol. Nonidet P-40 (NP-40) was
added to a final concentration of 1% before enzyme ad-
dition. The digestion was carried out at a ratio of 5 U of
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PNGase F per milligram of glycoprotein at 37°C for 2 h.
The protein was precipitated by adding three volumes of
cold ethanol and the mixture was kept at —20°C for 30
min. The oligosaccharides were concentrated under va-
cuum and subjected to 2-aminobenzamide (2AB) labe-
ling. Oligosaccharides were fluorescently labeled with
2AB by reductive amination [14]. Briefly, oligosaccha-
rides were dissolved in 5 pL. DMSO-acetic acid (7:3)
containing 2AB (0.35 M) and 1 M NaCNBH3 and incu-
bated at 65°C for 2 h. Excess of fluorophore was re-
moved by 2 h vertical chromatography on Whatman 3
MM paper using acetonitrile. The paper bearing the oli-
gosaccharide signal (application point) was cut. The oli-
gosaccharides were eluted from the paper by adding
double-distilled water (2 x 500 pL). The eluate was fil-
trated in a syringe through a 0.45 pm PTFE filter (Mil-
lex-LCR, Millipore) and then concentrated under va-
cuum.

Normal-phase HPLC (NP-HPLC) of the labeled por-
tion was performed using a TSK-Gel Amide-80 4.6 x
250 mm column (Tosoh BioSep, Japan) on a separation
module (Merck-Hitachi, Japan) equipped with a fluores-
cence detector. Labeled N-glycans were separated by a
linear gradient of 20% - 58% of 50 mM ammonium for-
miate pH 4.4 against acetonitrile over 152 min at a flow
rate of 0.4 mL/min. Samples were injected in 80% aceto-
nitrile. The fluorescence detection was carried out using
an excitation wavelength of 330 nm and an emission
wavelength of 420 nm. The elution positions of the N-
glycans were determined in glucose units (GU) by com-
parison with a standard dextran hydrolysate 2AB labeled
(dextran ladder) [16]. The glycosylation was also ana-
lyzed by mass spectrometry (MALDI-MS) using an Axi-
ma Performance mass spectrometer (Shimadzu Biotech,
Japan).

2.6. Determination of Particle Size Distribution
and Surface Charge by Dynamic Light
Scattering (DLS)

DLS analysis used a particle analyzer of dynamic light
scattering (DLS) (DelsaNanoC, Beckman Coulter)
equipped with a laser diode of 658 nm wavelength and
30 mW of power to determine particle size distribution
and surface charge on API samples. The acquisition of
data determines the particle size distribution which was
conducted at 25°C, with an angle of 165° in a glass cu-
vette.

2.7. Animals

Leghorn chickens (10 weeks old) were purchased from
the Center for Laboratory Animal Breeding (CENPA-
LAB, Havana, Cuba). Animals were housed under con-
ventional conditions with free access to water and food
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and maintained in accordance with the guidelines stipu-
lated by the Animal Subject Committee Review Board of
CENPALAB. Animal studies were performed with ap-
proval from CENPALAB’s and CIM’s Institutional An-
imal Care and Use Committees.

3. Results
3.1. Mass Spectrometry Analysis

The mass spectrum of the intact antibody showed a major
peak on 148 kDa for racotumomab obtained from both
scales. This result confirmed those obtained by polya-
crylamide gel electrophoresis (SDS-PAGE) in no reduc-
ing condition (Figure 1). Also, the molecular weight of
the heavy and light chains were analyzed, confirming the
molecular weight of 23 - 24 kDa, in the case of the light
chain and 51 kDa for the heavy chain (Figure 2).

3.2. Amino Acid Sequence and Posttranslational
Modifications (PTMs) Analysis

The racotumomab amino acid sequence remained unal-
tered during stirred tank fermentation in both scales
(Figure 3). Posttranslational modifications detected were
heavy chain N-terminal pyroglutamic acid, N-glycosyla-
tion and the oxidation of methionine 396.

3.3. Determination of Particle Size Distribution
and Surface Charge by Dynamic Light
Scattering (DLS)

No significant differences in terms of diameter, polydis-
persity, mobility and zeta potential of racotumomab mo-
lecules obtained in both scales were found (Table 1).
Values have been reported in the range of 0 + 10 for zeta
potential are related to coagulation or flocculation of col-
loidal particles.

3.4. Analysis of Charge Heterogeneity

Figure 4 shows the chromatograms obtained for racotu-
momab obtained in both fermentation scales. The raco-
tumomab-ST41L presents three “clusters” or groups of
four peaks corresponding with 12 charged forms of the
antibody, similar to the obtained from 10 L fermentation.
However, the peaks of ractumomab-ST10L are displaced
to left in the chromatogram. This result agrees with that
obtained by isoelectric focusing where the isoelectric
point of racotumomab-41L is slightly more basic than
racotumomab-ST10L (Figure 4).

3.5. Glycosylation Analysis by HPLC and Mass
Spectrometry

Detailed N-glycosylation was investigated by N-glycan
mapping of fluorescence-labeled and labeled oligosac-
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Figure 1. Mass Spectrum of Racotumomab Mab. A: Racotumomab-ST10L, B, C and D: Racotumonab-ST41L. E:
SDS-PAGE without reducing Racotumomab Mab. Lane 1: molecular weight standard, lanes 2 and 3: Racotumomab-ST10L,
lines 4 - 7: Racotumomab-ST41L (lots 1 and 2), F: SDS-PAGE without reducing Racotumomab Mab. Lane 1: molecular
weight standard, line 2: Racotumomab-ST10L, line 3: Racotumomab-ST41L (lot 3).
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Figure 2. Mass spectra of the light chains of Racotumomab Mab. A: Racotumomab-ST10L, B, C and D: Racotumo-
mab-ST41L. E: SDS-PAGE without reducing Racotumomab Mab. Lane 1: molecular weight standard, lanes 2 and 3: Raco-
tumomab-ST10L, lines 4 - 7: Racotumomab-ST41L (lots 1 and 2), F: SDS-PAGE without reducing Racotumomab Mab. Lane
1: molecular weight standard, line 2: Racotumomab-ST10L, line 3: Racotumomab-ST41L (lot 3).

charides released from the MAbs. The N-glycans identi-
fied were core-fucosylated biantennary-complex type oli-
gosaccharides. Minor peaks with higher retention times
were determined to be core-fucosylated mono- and di-
sialylated biantennary structures, respectively. Oligosac-
charide structures were determined to be similar for both
MAb molecules. Six major glycans (GOF, G1Fa, G1Fb,
G2F, G2FS1 and G2FS2) were identified.

3.6. Recognition of Racotumomab in Chicken
Sera

Given the changes found in the isoelectric focusing as-
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says, charge microheterogeneity and methionine oxida-
tion, it was decided to analyze the reactivity of chickens
sera immunized with racotumomab-ST10L against raco-
tumomab obtained from both scales by an ELISA me-
thod. Table 2 shows the results obtained for this study.
No significant differences were found during the recog-
nition assays for the vaccines obtained from both scales
using different dilutions of sera (Figure 5).

4. Discussion

Changes in production methods of a biological product
may necessitate an assessment of comparability to ensure
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Figure 3. Mass spectra of the Racotumomab Mab heavy chains. A: Racotumomab-ST10L, B, C and D: Racotumomab-

ST41L.

Table 1. Values of polydispersity, particle diameter and zeta potential of Racotumomab-ST10L and Racotumomab-ST41L lots.

Racotumomab Buffer Dh(sd) (nm) IP Zp(sd) (mV)
Racotumomab-ST10L TrispH 8 12.80 0.041 -7.95
Racotumomab-ST41L TrispH 8 13.05 0.013 —4.45
Racotumomab-ST41L Tris pH 8 12.05 0.018 —6.78
Racotumomab-ST41L Tris pH 8 11.90 0.004 —-7.96
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Figure 4. Peptide Mass Fingerprinting of Racotumomab molecules obtained by MALDI-MS. A: Racotumomab-ST10L, B, C

and D: Racotumomab-ST41L.

that these manufacturing changes have not affected the
safety, identity, purity, or efficacy of the product. De-
pending on the nature of the protein or the change made
during its production, this assessment consists of a hie-
rarchy of sequential tests in analytical testing, preclinical

OPEN ACCESS

animal studies or clinical studies. Differences in analyti-
cal test results between pre- and post-changed products
may require functional testing to establish the biological
significance of the observed difference. An underlying
principle of comparability is that under certain conditions,
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Table 2. Recognition in chicken sera of racotumomab obtaining in both scales.

serum racotumomab-ST10L racotumomab-ST41L racotumomab-ST41L racotumomab-ST41L dilution
pre-immune 0.07225 0.0815 0.075 0.0835
i 1.703 1.2595 1.7255 1.165 1:20,000
chicken 1
1.0415 0.707 1.108 0.665 1:40,000
. 0.7185 0.8375 0.8235 0.7705 1:20,000
chicken 2
0.376 0.4725 0.4245 0.441 1:40,000
. 0.4185 0.566 0.428 0.4455 1:20,000
chicken 3
0.2255 0.304 0.2305 0.227 1:40,000
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Figure 5. A: Charge Microheterogeneity determined by HPLC-WCX pink: Racotumomab-ST10L, black, red, blue: Racotu-
momab-ST10L. B: isoelectric focalization, Line 1: isoelectric point standard, line 2: Racotumomab-ST10L, lines 3, 4 and 5:

Racotumomab-ST41L.
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Figure 6. Recognition assay in serum of chicken for the vaccine of Racotumomab/alumina vaccine. Development: Racotu-

momab-ST10L, lots 1, 2, 3: Racotumomab-ST41L.

protein products may be considered comparable on the
basis of analytical testing results alone [15].

It is well known that physicochemical properties of
recombinant proteins can be heavily affected during
changes in the production process. Thus, it is mandatory
to carefully investigate the similarities and differences of
therapeutic proteins when the production process has
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been changed. Comparability must be demonstrated by
an array of physicochemical and biological methods as
required by the regulatory authorities. Regulatory aspects
regarding physicochemical characteristics of idiotypic
MAbs used for idiotypic vaccination bear some differ-
ences from classic therapeutic MAbs. For idiotypic MADs,
Fc-related functions are not critical for the intended bio-
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logical effect as they are administered adsorbed to alum
and via intradermis. Antigen mimicry is restricted to va-
riable region CDRs which are located in Fab [13].

One common posttranslational modification observed
in MAbs is a cyclized N-terminal glutamine [16-19]
when either the heavy and/or light chain sequences begin
with glutamine. This reaction involves the cyclization of
the N-terminal amine and the subsequent loss of NH3 (17
Da). The gene sequence of the heavy and light chains of
many MADbs codes for an N-terminal glutamine, but upon
sequencing the N-terminal amino acid is predominantly
found as the cyclized pyro-glutamic acid form [20-22].
Regardless the scale, all the heavy chain N-terminal glu-
tamines were found as pyro-glutamic acid, exclusively.

Oxidation of methionine (Met) and threonine (Thr) re-
sidues represents a posttranslational modification most
commonly observed during changes in the recombinant
protein process. Methionine oxidation is a chemical mod-
ification known to change the stability and conformation
of MADbs through altering CH2 and CH3 domain struc-
ture [14,23]. Oxidation was not observed in racotumo-
mab-ST41L with respect to racotumomab-ST10L where
the oxidation in methionine 396 residue was found. The
methionine oxidation occurs by the reaction of peroxide
or superoxide with the sulfur atom of the amino acid. The
finding of the oxidized species can be explained by the
formation of reactive oxygen species in certain steps
during the production process. The process steps that are
most likely to generate reactive oxygen species are those
which combine the presence of a metal such as Fe3+,
alkaline pH and dissolved oxygen. Oxidation at Met 396
was not found in the molecule obtained in racotumo-
mab-ST41L, which could be a consequence of changes in
the process of fermentation or suppression of the adjust-
ment step at basic pH in supernatant before the capture
step. However, the absence of protein oxidation is an
indication of stability and there was not found a connec-
tion with the MADbs effector mechanisms.

Deamidation has been shown to be one of the major
chemical degradation mechanisms in protein pharma-
ceuticals during production and storage [24]. Three sites
of Asn deamidation were found for racotumomab in both
scales, two of these were found in the constant region of
the light chain and the other one in the constant region of
heavy chain, two of these sites were also observed by
Harris et al. [25] studying MMAZ383 anti-idiotypic anti-
body.

One of the techniques used during the protein charge
analysis is ionic exchange chromatography by HPLC.
Cation-exchange chromatography has been introduced to
measure charge heterogeneity, in particular caused by
lysine variants, more than 15 years ago [25] and now is
widely accepted in pharmaceutical analysis. The observed
clusters are forms normally associated with the loss of
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C-terminal lysine of the heavy chain which is caused by
basic carboxypeptidases present in the cell culture. In the
case of racotumomab-ST10L, a shift towards acidic iso-
forms was observed in the MAb, which was also ob-
served in isoelectric focusing. The increase in the acidity
of a protein may be related to the presence of oxidized
species, an increase of sialylated structures or different
processing of the C-terminal Lys.

Future studies are proposed to determine which of the
forms correspond to the loss of the C-terminal lysine and
with other charged species. Also there were no signifi-
cant differences in terms of polydispersity and zeta po-
tential of both molecules using DLS (Figure 5).

Glycosylation of proteins is one feature that presents
greater variability in the proteins obtained at industrial
scale. It has been shown that the availability of nutrients,
temperature, fermentation mode, culture time, cell den-
sity and age of culture are factors that have a large im-
pact on the type and extent of glycosylation [26,27]. Dif-
ferences in cell lines or in fermentation processes can
produce significant differences in glycosylation pattern
[28]. The relevance of glycoforms in biological activity
of racotumomab has not yet been determined. The dif-
ferences found in both scales could be related with dif-
ferences in processes and time of fermentation as was
previously described in the literature [28]. However, these
differences do not appear to influence the charge changes
encountered in isoelectric focalization and charge mi-
croheterogeneity. As racotumomab is intended to be ad-
ministered as a vaccine, adsorbed to alum and injected
subcutaneously the Fc-mediated effector functions do not
play a critical role in the biological activity of this MAb.
Both products exhibited the same glycan structures at-
tached to Asn297 of heavy chain. As the N-glycan struc-
tures of both molecules were identical, and so far none of
immunogenic sugar epitopes like alfa Gal-Gal and N-
glycolyl sialic acid has been detected, differences in im-
munogenicity and safety between both racotumomab were
not expected.

The differences found in glycosylation profiles and
charge heterogeneities are critical parameters that could
affect the biological activity of this vaccine. However the
biological studies indicated that the vaccines produced
with both MAbs have similar recognitions in chickens, so
it is an indication that these differences would not con-
stitute critical product attributes (Figure 6). This result
confirms that both molecules retain biological activity
and immunogenicity. We suggest a study suggests a
carefully study in order to analyzed the causes of the
changes found in this work.

5. Conclusions

In this study, we demonstrated that changes of racotu-
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momab production from ascites to bioreactor and the
scale up of the fermentation process generate molecules
with a high similarity of point of view of primary struc-
ture, but with some different physic-chemical properties.
Principal changes were observed in the degree of aspara-
gine deamidation, C-terminal, lysine processing, methio-
nine oxidation and glycosylation pattern, that had an im-
pact on the charge profile of the MAb molecule. The
results obtained by DLS showed the absence of aggre-
gates and increase in particle size taking into account the
low values of zeta potential observed with the new for-
mulation.

However, the observed changes in physic-chemical
characterization did not influenced in the biological ac-
tivity (immunogenicity and anti-tumoral effect) and the
reactivity with sera from chickens and patients previous-
ly immunized with racotumomab/alumina, pointing to
equivalent clinical effectiveness.
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