CRYSTALOMICS: A PATHWAY FORWARD FOR PROTEIN CRYSTALLIZATION

Protein-based therapeutics, specifically monoclonal antibodies (mAbs), have
become the focus of pharmaceutical R&D over the last decade. While these
biologics offer many possibilities when it comes to treating a variety of diseases,
they also present considerable challenges during development. This is because,
traditionally, protein-based therapies are delivered at high concentrations due
to their size, biochemical complexity, and low bioavailability. These higher
concentrations can increase solution viscosities, resulting in the possible
formation of aggregates, which are associated with altered biological activity
and increased immunogenicity. In addition, most protein-based biologics are
administered via parenteral routes, making it necessary for patients to make long
and expensive trips to a clinic to receive treatment. All of these factors combined
make manufacturing and delivery of protein-based therapeutics very difficult. If
these drugs could be produced at lower viscosities, then a lower volume could
be used, making subcutaneous delivery possible; this would also significantly
reduce the risk of aggregates. Now, a treatment that typically requires an hour in
a clinic could potentially become a simple injection at home.
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the experience, training, and skill of the operators.

crystalline suspension has a concentration of 250 mg/
mL while reducing the volume approximately 96 percent,

PRESERVING EFFICACY
DURING CRYSTALLIZATION

thereby showing potential to convert from IV administration
to a subcutaneous route as shown in Table 1.
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COMPARISON OF VISCOSITIES — SOLUBLE VS. CRYSTALLINE

Infliximab

(Remicade®). Commercially available Infliximab is typically
administered intravenously (IV) at a concentration of
10 milligrams per milliliter (mg/mL). In contrast, the

Concentration
(mg/mL)

Administration
Volume (mL)

10

35

Infliximab
Commercial
Crystalline
Change

250

1.5

+25x

-96%

TABLE 1. The results of crystallization increased protein
concentration 240 mg/ml over the soluble dosage form
while also reducing the volume approximately 96%.

FIGURE 1. Viscosity of Infliximab. The viscosity of soluble
and crystalline suspensions of Infliximab was measured
by using a Cannon-Fenske viscometer according to the
manufacturer’s instructions.
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Figure 2 shows the in vitro activity of soluble and

Finally, in a structural analysis of Infliximab shown in

crystalline Infliximab in a TNF-α neutralization assay.

Figure 6, circular dichroism (CD) and fourier transform

The efficacy of Infliximab is not affected by the

infrared spectroscopy (FTIR) spectroscopy confirms

crystallization process and final formulation.

that the secondary structure of Infliximab is unchanged
after crystallization.
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administered

subcutaneously displayed an improved pharmacokinetic
profile over the soluble form.

PHARMACOKINETICS OF INFLIXIMAB

The chart below (Figure 4) illustrates in vivo efficacy
of Infliximab in a TNF-α mouse model. Crystalline
Infliximab administered monthly has the same effect
as the soluble form administered weekly for all
histopathology clinical scores.
MALDI-TOF analysis and peptide mapping shown
in Figure 5 on the next page shows that the physical
structure of Infliximab is unchanged by the crystallization
process.

INFLIXIMAB BIOASSAY

FIGURE 3. PK studies of Infliximab. Approximately 100 μL
of Infliximab (20 mg/mL) was administered to BBDR/Wor
rats having a body weight of 250g to provide a dose of
8 mg/kg. The mAb was administered in a soluble form
either intravenously (IV) or subcutaneously (SC) or as a
crystalline suspension SC.

IN VIVO EFFICACY OF INFLIXIMAB IN TNF-α MODEL

FIGURE 2. In vitro bioactivity of Infliximab. Cultured
L-929 mouse fibroblast cells were detached, diluted to
2x105 cells per mL and added to 96-well plates (100 μL
per well). TNF-α neutralization assays were performed
by incubating mouse fibroblast cells overnight in the
presence of 100 picogram/milliliters (pg/mL) TNF-α and
various concentrations of Infliximab or dissolved crystals
of Infliximab. The number of viable cells was determined by
using a commercially available cell proliferation assay kit.

Figure 4. In vivo efficacy of Infliximab. Approximately
100 μL of Infliximab (20 mg/mL) was subcutaneously
administered to TNF-α mice at a dose of 8 mg/kg in both
soluble (weekly) and crystallized (monthly) forms. Nonspecific IgG was used a control.
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MALDI-TOF ANALYSIS OF INFLIXIMAB

FIGURE 5A: MALDI-TOF analysis of Infliximab.
ABI Voyager DE Pro and UV laser. High laser power was
used to acquire spectra in one 100-scan experiment and
caused the fragmentation into light chain (LC, 25 kDa) and
heavy chain (HC, 50 kDa).
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CD PLOT

Figure 6A: CD Plot. Soluble Infliximab (Blue) and
reconstituted Infliximab crystals (Green) spectra were
collected using JASCO J-810 CD spectropolarimeter.
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PEPTIDE MAP OF SOLUBLE AND CRYSTALLINE INFLIXIMAB

FTIR PLOT

FIGURE 5B: Peptide map of soluble and crystalline
Infliximab. Upper and lower chromatograms show
crystalline and soluble Infliximab, respectively.
FIGURE 6B: FTIR Plot. Soluble Infliximab (Red) and
reconstituted crystals (Blue; crystals were dissolved
before the spectra were taken) and crystal suspension
(Green) of Infliximab. The spectra were collected by using
a Bruker FTIR instrument (Helios microanalysis) equipped
with an ATR accessory.
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A similar increase in protein concentration and

solutions require specific knowledge, equipment and

reductions in dosage volume for both Rituximab

experience, which is easily accessible through a partner

and Trastuzumab were also achieved using Althea’s

like Althea. The result is a therapeutic product that

Crystalomics Formulation Technology.

increases patient compliance by enabling an easier and

®

faster form of drug delivery.

SUMMARY
Protein crystals have shown the potential to address
many of the issues associated with high concentration/
high viscosity therapeutic protein solutions. Crystallization,
formulation, and manufacturing of these crystalline
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