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Background

This case study compares PD-1, PD-L1 and CTLA4
antibodies from Leinco Technologies vs a competitor's
products in a series of in vivo mouse experiments. The
objective of the study was to evaluate the in vivo efficacy of
the various clones on tumor growth and tolerability.

The promise of immuno-oncology

The Nobel prize-winning research by independent groups
headed by James P. Allison and Tasuku Honjo that led to the
elucidation of cytotoxic T-lymphocyte antigen 4 (CTLA-4),
and the programmed cell-death protein 1 (PD-1),
respectively. This work has led to the development of a new
class of anticancer agents called immune checkpoint
inhibitors (IClIs). Immune checkpoint inhibitors are now
widely used in checkpoint blockade immunotherapy to treat a
variety of cancer types. PD-1, for example, has become one
of the hottest antibody targets’. Drugs directed against PD-1
include the monoclonal antibody nivolumab that is used to
treat several cancers including melanoma, lung cancer,
colon cancer, and liver cancer. CTLA-4 can be blocked by
drugs such as ipilimumab used to treat late-stage melanoma.
Research into these and other therapeutic antibodies has
stimulated the development of affordable research-grade
biosimilar antibodies with the same specificities as approved
biologics, making them invaluable research tools
(https://www.leinco.com/research-grade-biosimilarantibodie
s/). The drug development pipeline for immunooncology (I-O)
now includes thousands of potential therapies and therapy
combinations, with many in clinical trials.

The threat of irreproducible preclinical research
Success in quickly bringing I-O therapeutics to the market relies on
many factors, including the rapid transition from preclinical
evaluation through clinical development®. Advances in I-O are,
however, threatened by the irreproducibility seen in preclinical
biomedical research in general. For example, a Nature survey® *
revealed a “reproducibility crisis” in the research community, with
70% of respondents having failed to reproduce the work of other
researchers, and over half even failing to reproduce their own
results. The lack of repeatability and reproducibility in preclinical
research can cause significant delays in the development of
lifesaving therapies and may be costing up to $28 billion in the US
alone . The most expensive preclinical study is the one that needs
to be repeated and improving preclinical reproducibility would bring
invaluable benefits to drug discovery and development. These
include reduced risk, increased hit rates, and an overall increase in
the speed and efficiency of the drug development process.

The right tools for the job

About one third of the irreproducibility in preclinical research
has been attributed to biological reagents and reference
materials*. In the field of I-O, success depends on many
factors, including access to informative animal models and
high-quality reagents.

Mouse models remain the closest we can come to simulating
the condition of the cancer patient and have proven to be
highly effective in helping to understand immunological
mechanisms. As a result, 95% of pre-clinical cancer studies
use animal models. Syngeneic mouse models are commonly
used in |-l due to their ease of use, suitability for large-scale
screening of drug candidates, and value in studying
pharmacodynamics and mechanisms of action. Their value
outweighs drawbacks such as mouse tumor histotypes that
do not always match human clinical disease, and treatment
responses that may not accurately predict clinical outcomes®.

Generating reproducible data in studies based on syngeneic
mouse models ranging from days to several weeks depends
on the availability of high-quality in vivo-grade antibodies.
Low levels of impurities, demonstrated by extensive quality
control (QC), minimize unwanted effects, especially in longer
studies. Cost is also a factor since antibodies can contribute
up to 10% of the budget, which means that securing a source
of highquality cost-effective antibodies can make quite a
difference to the bottom line.

The Case Study below describes how one Contract
Research Organization (CRO) investigated ways to carry out
cost-effective  reproducible science by securing an
alternative source of in vivo-grade antibodies.

The Case Study

The business expansion of a syngeneic tumor model platform at a
CRO was threatened by data irreproducibility in in vivo studies
caused by lot-to-lot variation in murine monoclonal antibodies
(mAbs) obtained from a supplier, Vendor A. They also faced
significant increases in spending on antibodies and isotype
controls. The need to improve the cost-efficient generation of
reproducible data led the research group at the CRO to evaluate
Leinco Technologies as a possible alternative supplier of
antibodies with higher, more reproducible quality (see panel). The
antibodies from Leinco Technologies were also approximately half
the price of those from Vendor A.
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High quality functional-grade antibodies

Leinco Technologies has developed proprietary methods for manufacturing in vivo functional grade antibodies with the
highest purity standards in the industry. In vivo PLATINUM™ functional grade antibodies have the most stringent quality
specifications for purity, endotoxins, aggregates, and leachable protein A (Table 1 and Figure 1). Each antibody is available
in custom concentrations and package sizes. In vivo PLATINUM antibodies are also pathogen free and tested by the IDEXX
Impact | PCR mouse pathogen profile.

Table 1. Qualitative ability of antibody pairs to detect Influenza A, H1N1, strain AWS33 by lateral flow test

Specifications

Binding validation

in vivo GOLD™ MAbs

in vivo PLATINUM™
MAbs

LAL method

determined by Yes Yes
WB, FC or ELISA

Endotoxin level
determined by the < 1.0 EU/mg < 0.5 EU/mg

Antibody aggregation
screening by analytical
SEC

> 95% monomer

> 98% monomer

Purity by SDS PAGE

> 95%

> 98%

Formulation for
in vivo use

No Preservatives

No stabilizers

No carrier protein

Sterile PBS pH 7.2 - No K* or CA?*
Concentration: > 5mg/mL

No Preservatives

No stabilizers

No carrier protein

Sterile PBS pH 7.2 - No K* or CA*
Concentration: > 5mg/mL

Murine pathogen
screening

Not applicable, see PLATINUM
functional grade antibodies

Pathogen tested (IMPACT1)
(see table)

Applications

In vivo functional studies and may be used ffor WB, FC, IF or IHC

Product preparation

Functional grade preclinical antibodies are manufactured in an animal free facility
using only in vitro protein free cell culture techniques and are purified by a multi-step
process including the use of protein A or G to assure extremely low levels of
endotoxins, leachable protein A or aggregates.

Storage and handling

Use a manual defrost freezer and avoid repeated freeze-thaw cycles.
* 1 month, 2 to 8 °C under sterile conditions, as supplied.

¢ 12 months, -70 °C under sterile conditions.
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A: Non-reducing B: Reducing

C: Chromatographic analysis D: Endotoxin analysis

Lot | EU/mg |
03211205 <0.24
04211225 <0.24

04211255 <0.24
05211275 <0.06
01221245 <0.24

03221250 <0.24
04221285 <0.12
06221340 <0.3

Figure 1. Quality control of in vivo antibodies: RMP1-14

In vivo antibodies from Leinco Technologies are subjected to extensive QC to ensure high reproducibility between lots. The
example in Figure 1 shows the results for different lots of RMP1-14 antibody, directed against PD-1. The lots have
consistently high purity as indicated by non-reducing and reducing SDS-PAGE (Fig. 1A and 1B, resp.). Analysis by size
exclusion chromatography gave superimposing chromatograms for all nine lots, with overlapping retention times and
minimal baseline noise (Fig. 1C). Endotoxin data for eight lots indicated that all lots were below the specification of < 0.5
EU/mg as determined by the limulus amebocyte lysate (LAL) method (Fig. 1D).

R ———————————————————————————————————————————————————————————
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The researchers compared the in vivo efficacy and tolerability of clones of mAbs (anti-PD-1, anti-PD-L1, and anti-CTLA-4) and
isotype controls from Vendor A with those from Leinco Technologies. To do this, they used the CT26 syngeneic model, a
murine colorectal carcinoma derived from BALB/c mice that is one of the most commonly used murine solid tumor models and
is categorized as a highly immunogenic tumor model®.

Evaluating the performance of antibodies

All antibodies had matching isotype controls (Table 2), and phosphate-buffered saline (PBS) was used as a reference.

Table 2: Antibodies and isotypes tested
Anti-PD-L1 Anti-CTLA-4

Antibody Anti-PD-1

Clone RMP1-14 | 29F.1A12 10F.9G2 9H10
Leinco Technologies e 1-1 Rat IgG2a 1-2 Rat IgG2b Normal Syrian Hamster
IgG polyclonal isotype

Control (1-1177) (1-1034) control (I-444)

Clone RMP1-14 | 29F.1A12 10F.9G2 9H10
Vendor A Normal Syrian Hamster
X A3 LTF-2 IgG polyclonal isotype

Control control

Testing involved groups of eight mice, each dosed at 10 mg/kg (0 for PBS control) per intraperitoneal administration, with
twice-weekly (BIW) dosing for three weeks.

Results
Anti-PD-1

Both anti-PD-1 antibody clones (RMP1-14 and 29F.1A12) from Leinco Technologies were more efficacious than Vendor A’s
products (Figure 2).
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Figure 2. Efficacy of anti-PD-1 vs isotype
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Anti-PD-L1

In the case of anti-PD-L1, 10F.9G2 clones from Leinco Technologies and Vendor A showed similar antitumor activity, with
tumor growth inhibition (TGl) of 47% and 59%, respectively (Figure 3). The efficacy of Vendor A anti-PD-L1 10F.9G2 was in
line with historical data generated at Leinco Technologies.

Efficacy: anti-PD-L1 vs isotype
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Figure 3. Efficacy of anti-PD-L1 vs Isotype
Anti-CTLA-4
The anti-CTLA-4 clone 9H10 from Leinco Technologies was significantly more efficacious than the same clones from
Vendor A (Figure 4).
Efficacy: anti-CTLA-4 vs isotype
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gH10 61123 96 0.001 gH1o 214 ¢ 463 79 0.016

Figure 4. Efficacy of anti-CTLA-4 vs Isotype
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Efficacious antibodies for cost-effective I-O studies

The Case Study confirmed that antibodies from Leinco Technologies were more efficacious in in vivo studies than those
from Vendor A:

e Anti-PD-1: Clones of anti-PD-1 antibodies (RMP1-14 and 29F.1A12) from Leinco Technologies
were more efficacious than Vendor A’s products (x1.3 and x1.9 higher TGI, respectively).

e Anti-PD-L1: 10F.9G2 clones from Leinco Technologies were slightly more efficacious than Vendor
A's, with TGl 47% and TGI 59%, respectively.

e Anti-CTLA-4: Clone 9H10 from Leinco Technologies was more efficacious than Vendor A’s
products (x1.2 higher TGl).

This performance, backed by extensive QC, combined with the possibility of reducing R&D costs were powerful incentives
to change supplier.

There is, however, always room for improvement. The reproducibility and accuracy of preclinical modeling is also affected
by the species used to prepare antibodies. Investigations have revealed that using non-murinized (e.g., ratbased)
antibodies can result in xenogeneic responses, which do not occur clinically, and may also fail to recapitulate the clinical
efficacy and toxicity of single agent checkpoint inhibition®. This is an issue that Leinco Technologies is currently
addressing in our efforts to provide best-in-class in vivo-grade antibodies for I-O studies.

Summary

e Generating reproducible data from immune-oncology in vivo studies depends on many factors,
including the availability of high-quality antibodies.

e Antibodies from Leinco Technologies for in vivo use are supported by extensive QC data.

e An independent study comparing the in vivo efficacy on tumor growth and tolerability of various
clones showed that antibodies from Leinco Technologies had superior performance compared to
those from another supplier.

e Antibodies from Leinco Technologies support cost-efficient generation of reproducible data from
animal models in the study of immuno-oncology.
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