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Mycotoxin Risk Determination

Measuring the Potential for Patient Exposure with
Antithrombin Alfa Sourced from Transgenic Goat Milk

Greg Allard and Sean Evans

ntithrombin alfa is a

recombinant human

antithrombin developed as an

anticoagulant treatment for
people with hereditary antithrombin
deficiency who are undergoing surgical
or childbirth procedures (1). Marketed
under the ATryn brand name by LFB SA
(Les Ulis, France), antithrombin alfa
was approved for use in adults by the
US Food and Drug Administration (FDA)
in February 2009 (2).

Antithrombin alfa is expressed in the
milk of transgenic goats and purified
through a multistep downstream
process encompassing both filtration
and chromatography. The source
material (transgenic goat milk)
naturally contains a microbiological
load. To manage that, the collection
process is controlled carefully, resulting
in a historical average bioburden of
1,930 CFU/mL (n = 61) for pooled source
material. Such a level is well below the
prepasteurization standard for US
grade-A cow’s milk of <100,000 CFU/mL
(3). LFB’s ATryn clarification and
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purification process is designed to clear
bacterial load rapidly from source
material. Both bacterial load and
endotoxins are monitored throughout
the process to confirm rapid clearance
of the native flora and demonstrate
process control.

In addition to the starting bacterial
load, there is some potential for a
fungal load to be present in the source
material. Even with a well-controlled
collection process for goat milk, it is
unavoidable to have occasional fungal
load present in the animals’
environment. Thus, LFB monitors total
yeast and mold throughout collection
and processing, with both shown to be
cleared quickly and early on in the
purification process. However, it was
not known whether potentially toxic
by-products of fungal growth
(mycotoxins) might accompany the
presence of mold because those are not
easily measured or monitored in
process streams.
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LFB transgenic goat

Mycotoxins are toxic secondary
metabolites produced by some
filamentous fungi (molds), including
Aspergillus, Penicillium, and Fusarium
species (4). These toxins are typically a
concern in storage of cereal grains
because they are produced under
specific conditions of temperature and
pH, with the availability of simple
carbohydrates for active fungal growth
— often present in grain-storage
applications (4). Animals that consume
contaminated feeds can carry detectable
levels of mycotoxins (primarily
aflatoxin M1) in their milk. Accordingly,
the FDA has set an aflatoxin action limit
of 0.5 ppb in milk and a maximum level
in the feedstock of lactating dairy
animals of 20 ppb (5, 6). Vendors
providing goat feed to LFB are selected
with those limits taken into
consideration, and all goat feed is tested
for aflatoxins to ensure mycotoxin
safety and eliminate diet as a potential
source of mycotoxin exposure.



Table 1: Retention times of different
mycotoxins on the carbon-18 ('8C) column

Mycotoxin Retention Time
Deoxynivalenol 7.3/7.7 minutes
Aflatoxin G2 11.7 minutes
Aflatoxin G1 12.1 minutes
Roquefortine C 12.5 minutes
Aflatoxin B1 12.9 minutes
Zearalenone 15.9 minutes
Rugulosin 16.3 minutes
Ochratoxin A 16.4 minutes
Viriditoxin 16.6 minutes
W493-B 18.0 minutes

We previously examined the
potential for fungal growth and/or
mycotoxin generation in transgenic
rabbit milk, which is the source
material for LFB’s FDA-approved
Sevenfact (recombinant coagulation
factor VIIa) (7). The study demonstrated
robust safety levels over time after
spiking with a quantitative amount of

commercially available fungal standard.
We did not repeat the same type of milk-

growth study for our antithrombin alfa
source material because of general milk
properties (pH, temperature, and
carbohydrate profile) that are
unfavorable to mold propagation.

For the follow-on research reported
herein, our sole aim was to improve our
understanding of mycotoxin risk for
antithrombin alfa drug substance by
determining the mycotoxin clearance
capability of its purification process.
For these clearance evaluations, we
spiked relevant commercially available
mycotoxins into process fractions from
a scaled-down antithrombin alfa
purification process representation to
determine its ability to remove
mycotoxins if they were present in the
source material. Then we calculated the
clearance potential for each process
step and summed the results to
determine a total mycotoxin clearance
level for the whole process. We used
those results to calculate potential risk
to patients through a theoretical dosing
exercise, by which we estimated a
safety factor in excess of published
mammalian toxicity levels.

With hundreds of possible
mycotoxins in the environment, it is
impossible to evaluate each one
individually (8). For these evaluations,
therefore, we have classified them by

Figure 1: Carbon-18 ('8C) chromatogram showing relative retentions of rugulosin and
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general physiochemical properties and
then applied a bracketing approach by
evaluating only the worst-case examples
for which commercial mycotoxin
standards were available. To support
that strategy, we developed a high-
performance liquid chromatography
(HPLC) method that could resolve 10
different commercially available
mycotoxin standards easily.

We chose rugulosin (among the most
hydrophobic) and deoxynivalenol (DON,
the most hydrophilic) mycotoxins for
our process clearance studies because
they bracketed all the other standards
in hydrophobicity assay evaluations.
Physical size was considered to be a
constant because nearly all mycotoxins
have a molecular weight of <1,000 g/mol,
which is at least 50x smaller than the
antithrombin molecule (4). We also
considered ionic interactions of
mycotoxins to be constant because most
such toxins are not charged molecules,
and they generally are only slightly
soluble in water. Therefore, we
considered their variability in
hydrophobicity to be the largest
differentiator for the purposes of our
study, using standard mycotoxins that
would bracket the entire observed
hydrophobicity range.

MATERIALS AND METHODS

Mycotoxin Preparation: DON from
MilliporeSigma and rugulosin from
Abcam were dissolved in ultrapure
dimethyl sulfoxide (DMSO) from VWR to a
working concentration of 2.5-3.5 mg/mL
and stored at —20 °C until use. We used
the mycotoxin stock solutions as both
HPLC assay standards and process-
spiking materials. As explained above,
DON and rugulosin were chosen to
represent a full range of hydrophobicity
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based on retention-time results of 10
different mycotoxins evaluated in a
carbon-18 (18C) HPLC assay.

HPLC Mycotoxin Assay: Mycotoxins
were separated on a 4.6 mm x 150 mm
5-pm Gemini C18 column from
Phenomenex, with mobile phases
containing 5 mM ammonium acetate
with 1% acetic acid. Methanol was added
at 10% and 97% for mobile phases A
and B, respectively. We adapted a linear
gradient method from a Phenomenex
technical bulletin (9), with detection at
both 260-nm and 280-nm absorbance.
Ten mycotoxins were evaluated during
assay development: rugulosin,
viriditoxin, deoxynivalenol, aflatoxins
(B1, G1, and G2), ochratoxin A,
zearaleone, roquefortine C, and W493-B.
Table 1 lists their relative retention
times. We generated standard curves
individually for each mycotoxin used in
our process clearance study.

Sample Extraction Procedure: Before
analysis, samples of each spiked process
fraction and resultant process step
outputs were collected and stored at
-80 °C. To each 200-pL sample, we
added 600 pL of DMSO. Samples were
vortexed and passed through a 10-kDa
molecular weight cutoff (MWCO)
Microsep Advance polyethersulfone
(PES) filtration membrane from Pall to
remove residual protein. We loaded the
filtrates directly onto a 18C column
without dilution. Extraction efficiency
was evaluated but not considered to be a
factor in our study calculations because
clearance was determined by direct
comparison of process step inputs and
outputs, with extraction efficiency
assumed to affect each equivalently.

Process Scale-Down: Each process
step was scaled down to minimize
fraction volumes while maintaining
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Figure 2: Limits of detection (LoD) and coefficient of determination curve fitting for

rugulosin and deoxynivalenol (DON)
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Table 2: Mycotoxin clearance process scale-down
Step Commercial Laboratory Factor
Tangential-flow filtration and affinity chromatography 51m?2;70 L 0.029m%40mL 11,750
Ultrafiltration/diafiltration 1 1.5 m? 0.01m? 11150
Anion-exchange chromatography 30L 20 mL 111,500
Hydrophobic-interaction chromatography 60 L 20 mL 11,500
Ultrafiltration/diafiltration 2 2.0m? 0.01m? 1/200
Table 3: Mycotoxin clearance from process-stream material at each step in the
downstream process; LRV = log-reduction value, DON = deoxynivalenol
Rugulosin DON LRV
Process Step Sample Peak Area Volume Peak Area Volume Rugulosin DON
Microfiltration Input 546 175 341 175 29 24.0
Output 5.36 24.3 <0.6 24.3
Affinity chromatography  Input 228 438 127 438 0.9 24.0
Output 67.2 205 <0.6 205
Ultrafiltration/diafiltration  Input 748 19 51.5 19 1.8 1.8
Output 12.3 18.7 0.82 18.7
Anion-exchange Input 1147 21.7 80.5 217 1.6 1.8
chromatography Output 18.8 297 1 297
Hydrophobic-interaction  Input 217 477 127 477 19 24.0
chromatography Output 18.1 69.8 <0.6 69.8
Total Process Reduction 91 215.5

process comparability. When possible,
process steps were performed at the
same scale as previous process
robustness studies. Each process step
was scaled down ~200x-2,000x (Table
2) depending on the available
laboratory-scale filtration and
chromatography formats. We evaluated
five downstream process steps for
mycotoxin clearance ability: combined
microfiltration and affinity
chromatography, ultrafiltration/
diafiltration (UF/DF), anion-exchange
chromatography (AEC), and
hydrophobic-interaction
chromatography (HIC).
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RESULTS

Process Clearance Study: To demonstrate
proportionality between concentration
and peak area and to determine the
minimum detectable amount of each
mycotoxin, we began by preparing a
series of standards in DMSO for
rugulosin and DON. Rugulosin eluted
from the 18C column as a single peak
with maximum response at 260 nm
(Figure 1). DON eluted as a doublet with
peaks at 7.3 minutes and 7.7 minutes.
Maximum absorbance was at 260 nm
for the 7.3-minute peak and 280 nm for
the 7.7-minute peak, and we summed
the two for DON quantitation purposes:
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DON = (7.3-minute peak area at 260 nm)
+ (7.7-minute peak area at 280 nm).

As Figure 2 shows, both mycotoxin
standard curves were highly linear, with
significant differences in absorptivity
between rugulosin and DON (with
absorption of the latter about 16-fold
lower). Limits of detection (LoDs) were
determined to be 0.1 pg/mL for
rugulosin and 0.5 pg/mL for DON.

Next, we spiked combined samples of
rugulosin and DON mycotoxin standards
into the input of each step in the ATryn
downstream process. With those spiked
inputs, we collected the output of each
process step according to normal
process operations. Samples of each
input and output were extracted with
DMSO, and the proteins were removed
with a 10-kDa membrane. Filtrates then
were loaded directly onto the 18C column
for determination of the resulting
mycotoxin peak areas. Output samples
that were below the LoD were loaded at
larger injection volumes to increase the
sensitivity of our technique by fivefold.
We determined the step clearances by
comparing mycotoxin peak areas
multiplied by the sample volumes
between input and output fractions,
then reported the results as logarithmic
reduction values (LRVs) (Table 3).

All process samples contained an
interfering peak at 16.3 minutes that
could not be resolved from the rugulosin
peak at the same retention. We
confirmed that interfering peak to be
present in unspiked process samples
that had been subjected to the same
extraction process. Through further
investigation, we determined that the
peak had been extracted by DMSO from
the 10-kDa PES membrane used to
remove the protein before !8C analysis.
We considered alternative mycotoxin
extraction methods to eliminate this
DMSO/PES chemical incompatibility
issue. However, no other solvent could
extract the majority of the mycotoxins
consistently from the different sample
matrices from the ATryn process.

Instead, we developed a background-
subtraction technique by relating the
16.3-minute extract peak to another PES
extract peak at 17.0 minutes that was
isolated spatially in the chromatograms.
Thus, we determined that the
16.3-minute extract peak was
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consistently 40% of the 17.0-minute
peak in unspiked investigational
extracts, regardless of the sample
matrix. So we calculated the rugulosin
peak area in our spiked samples by
subtracting 38% of the 17.0-minute peak
from the total peak area at 16.3 minutes.
The remainder provided a reliable
estimation of the rugulosin peak area in
the presence of technique-based
background peaks.

Patient Safety Calculation: For the
sake of patient safety, we chose a
conservative starting point by assuming
that 1 g of mycotoxin were present in
the source material of a drug product
(DP) batch. The maximum dose for a
75-kg patient would be 8.2 vials of the
1,750-IU DP format, which represents
0.68% of the total batch. Using the
minimum clearance determined in this
study (9.1 log,, for rugulosin) and the
maximum dose proportion to a DP
batch, a total of 5.4 pg of mycotoxin
could be delivered to a patient using
that estimate. Hence, by conservatively
adopting a median lethal dose (LD.) of
40 mg/kg — 49-70 mg/kg
intraperitoneal in mice for DON (10) and
44 mg/kg intraperitoneal in rats for
rugulosin (11) — based on the
mycotoxins studied, we calculated the
worst-case dose to be at least 100 billion
times lower than the published
mammalian LD, values.

DISCUSSION

LFB initiated this study to estimate the
potential for mycotoxin exposure in
patients using the ATryn (antithrombin
alfa) clotting factor. To bracket the full
range of potential mycotoxins from
different mold sources, we chose two
test standards (rugulosin and DON) to
represent the range of associated
physiochemical properties. Each
mycotoxin was spiked into material
representative of individual purification
unit-operation inputs for determination
of the process-step clearances. Solvent-
extracted samples were quantitated
using a 18C RP-HPLC assay.

Each mycotoxin studied was cleared
effectively by the multistep purification
process, with a minimum cumulative
clearance of 9.1 LRV. Based on the DON
clearance data, three of the five process
steps proved to be highly effective in
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Under worst-case
assumptions, the
concentration of potential
mycotoxins was at least

100 BILLION times
lower than published
mammalian LD, values
for both DON and
rugulosin.

clearing mycotoxins. As expected, the
two size-based process steps,
microfiltration and UF/DF, efficiently
removed mycotoxin because of the large
size differential between antithrombin
alfa and the mycotoxin molecules. The
next-most effective process step was
affinity chromatography, in which the
mycotoxins were not bound to the
resin’s functional groups and thus
washed away before product elution.

Based on these study results, we
calculated patient risk using source
material and DP batch sizes, with a
maximum dose for a 75-kg patient and
the process clearance values reported
herein. Under the worst-case
assumptions described above, the
concentration of potential mycotoxins
was at least 100 billion times lower
than published mammalian LD, values
for both DON and rugulosin. Note that
these estimates are based on source
material containing a theoretically
extreme amount of mycotoxin, which
would require substantial mold growth
in the goats’ milk. Conditions favoring
such growth do not occur in normal
production operations: Source material
is frozen quickly and then processed
immediately after thawing and pooling,
which are performed at controlled
chilled temperatures.
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