
Standard Monoclonal Antibody Development:

1. Inject animal (often mouse) with antigen
2. Isolate antibody-producing spleen cells
3. Fuse spleen cells with myeloma cells to produce hybridomas
4. Evaluate and select best hybridoma
5. Produce antibody from hybridoma cells in culture or animal

host through tumor induction/collection of ascites fluid
6. Purify antibody from supernatant or ascites

Antibodies vs. Aptamers
Antibodies are large, Y-shaped proteins produced by immune cells in the body 
to attack invading organisms or object.9 A typical immune response involves the 
production of many different antibodies binding to various sites on the invading 
target, or antigen. Monoclonal antibodies are derived from immune cells producing 
the same antibody to a single site, or epitope, on the invading target.1 The first was 
produced in a laboratory in 1975.7 Monoclonal antibodies can be developed to bind 
a specific target of interest, such as a circulating protein or cell surface receptor. They 
can be labeled for use in a wide range of in vitro and in vivo detection methods and 
produced in very large quantities. Over the past 40 years, monoclonal antibodies 
have become indispensable tools in research, diagnostics, and more recently, 
therapeutics.

Targets for Antibody / Aptamer Development

Traditional antibody production requires an antigen, a molecule that is identified as foreign and triggers a response 
by the host’s immune system. The process typically begins with multiple injections of a purified protein.1 Small 
molecules will not elicit an immune response, so they are not viable targets for traditional antibody production. 
Because antibodies are initially raised in a live animal, it is also difficult to generate antibodies to a compound that 
is highly toxic. Aptamers are produced in vitro, so they can be selected to a wider range of targets, including non-
immunogenic small molecules and toxic compounds. Aptamers can also be selected for binding to live cells, without 
knowledge of a specific cell surface target.

Aptamers are small, single strands of DNA or RNA that form secondary and tertiary structures  
which can be selected for binding to a target of interest.5 Like antibodies, aptamers exhibit 
selective affinity that can be useful in research and diagnostic tests based on antigen 
recognition/detection and the design of therapeutics based on binding to specific receptors or 
ligands. Despite the similarities between antibodies and aptamers, differences in development, 
physical characteristics, and production create some advantages for aptamers.

Antibody Development Process

Traditional monoclonal antibody development involves several 
immunizations of a host animal, isolation of antibody-producing 
cells, and fusion with fast-replicating myeloma cells. This is 
followed by hybridoma selection and antibody production. Each 
step is time-intensive, with the entire process realistically taking 
four to six months. Because antibodies are raised in animals, 
they are designed to function under physiological conditions. 
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Aptamers have demonstrated enhanced access to tissues in both in vivo and in vitro imaging.19 Some aptamers and 
aptamer complexes have been shown to cross the blood-brain barrier9 and even enter cells. Base Pair has selected 
aptamers for the ability to enter a particular type of cell.

Standard Aptamer SELEX:

1. Incubate oligonucleotide library with target and discard non-
binders
2. Elute binders
3. Amplify binders
4. Repeat steps 1 to 3 with amplified binders and increasing
stringency until enrichment is observed (~8-12 cycles)
5. Sequence final aptamer pool
6. Utilize bioinformatics / screening assays to select final aptamers
7. Synthesize selected aptamers
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Aptamer Development Process

A basic aptamer selection process, coined SELEX (for 
Sequential Evolution of Ligands by Exponential Enrichment5, 
is outlined here. Additional selection steps can be added 
to remove aptamers that bind similar, unwanted targets in 
order to increase selectivity. Traditional aptamer selection is 
often completed in two to three months, with variations on 
the selection process being completed even more quickly. 
Aptamers can be selected to perform in unique buffer 
conditions or in the presence of specific proteins or chemical 
compounds; yielding aptamers suited for specific biological, 
environmental, or industrial applications. Aptamers to 
multiple targets can be selected simultaneously, reducing 
overall development time and cost.

Access to Tissues and Cells

A typical IgG antibody is ~150 - 170 kDa, versus ~12 - 30 kDa for a 30 to 80 nucleotide 
aptamer. Large antibody size limits membrane permeability and can create difficulties 
when targeting dense tissue.13,18 Unique bi-specific antibodies have been engineered 
to cross the blood-brain barrier, but traditional antibodies cannot.16 Small antibodies 
(~90 kDa) have been isolated from llamas, sharks, and camels. Fragments of these 
small antibodies, termed nanobodies (~ 15 kDa), are showing promise as affinity 
agents but are not widely accessible.8

Immunogenicity

One drawback to the use of antibodies in therapeutics is immunogenicity - generation of an immune response to the 
antibody drug and production of anti-drug antibodies. Anti-drug antibodies (ADA) can induce unwanted reactions, alter 
drug pharmacokinetics, or reduce treatment efficacy by neutralizing drug activity. While the shift to humanized or fully 
human antibodies has reduced immunogenicity of antibody drugs, it has not been eliminated. Several factors can affect 
immunogenicity including drug impurities, excipients, dosing regimen, disease type and stage, target cell type, and 
combinational therapies. In a recent study released by Pfizer, high incidence of ADAs was seen in 27% of patients for 
human/humanized antibody drugs targeting T cells, compared to 4% for drugs targeting B cells3. Small DNA and RNA 
aptamers are inherently non-immunogenic, as demonstrated in several recent in vivo studies involving aptamers.12,19 
They are suitable for in vivo use without extensive modification. 
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Specificity / Selectivity

A key feature of monoclonal antibodies and aptamers is binding to a specific epitope, or region, on a target of 
interest. Specific epitope binding typically enables specific target detection. Cross-reactivity occurs when an epitope 
is conserved between two, typically related, targets. Species cross-reactivity occurs when an epitope is conserved 
between species, such as human and mouse or human and canine. While 100% homology does not need to exist 
between the targets for cross-reactivity, a high degree of homology is required at the binding epitope. In a study of 
several ophthalmic antibody drugs, variation of a single amino acid within the binding epitope significantly reduced 
human VEGF-A antibody binding in mouse and rat models. Human VEGF-B antibody bound in human, mouse, and 
rat models, with identical sequences at the binding site for human and rat. The mouse epitope differed by a single 
amino acid that did not affect binding.  A difference of four amino acids within a 12 amino acid epitope yielded 
no species cross-reactivity for the human TNFα antibody.6 Cross-reactivity occurs with both antibody and aptamer 
affinity reagents. 

Because aptamer selection is a controlled, in vitro process, it is easily designed 
to identify aptamers that bind to a target of interest and bind (or fail to bind) 
related targets. With Base Pair’s patented multiplex SELEX, aptamers to multiple 
targets can be selected simultaneously. Selective- or pan-binders can be chosen 
from aptamer candidates based on downstream requirements. Using the Venn 
diagram of sequenced oligonucleotides shown at right, it is possible to select 
sequences that bind all 4 protein targets (blue arrow) or sequences that are 
selective for individual proteins (red arrows). 

Heterophilic Antibodies, Anti-Animal Antibodies, and Rheumatoid Factor

Antibody interference is a common problem in antibody-based detection assays. There are several classes of 
endogenous antibodies that can cause interference. Heterophilic antibodies are thought to be naturally-occurring 
antibodies with weak binding to multiple targets, generating a minor degree of assay interference. Anti-animal 
antibodies, such as HAMA (human anti-mouse antibodies), are produced following acute or extended exposure to 
animal antibodies through therapeutics or physical contact with animals themselves. Rheumatoid factor refers to 
antibodies that bind to the Fc region of IgG antibodies. They are common in patients with rheumatoid arthritis 
and other autoimmune disorders. Interference occurs when these endogenous antibodies interact with the 
capture and/or detecting antibody in an assay. Interference from these types of endogenous antibodies can 
either lead to a false negative result (binding of target is blocked by binding of interfering antibody) or a false 
positive result (interfering antibody forms a bridge between capture and detecting antibody without binding of 
target), depending upon the interaction.4,15 The use of DNA or RNA aptamers eliminates potential interference 
from these endogenous antibodies. 

Production

Production of monoclonal antibodies is a complex, time-consuming biological process. 
Fed-batch and perfusion culture processes have been developed to maximize yields 
and accelerate the bioproduction process14, but culture contamination remains a 
concern, as an entire batch of material can be compromised. Purification to isolate 
the antibody of interest and remove residual host cell impurities, DNA, viruses, and 
other contaminants is another critical step.17 Batch-to-batch consistency in antibody 
expression and purification is an ongoing challenge in diagnostic and therapeutic 
applications. Because aptamers are chemically synthesized, there is no risk of 
biological contamination and greater batch-to-batch consistency.
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Stability

Upon exposure to very high temperature or a large shift in pH, both antibodies and aptamers can unfold. Once 
unfolded, a monoclonal antibody cannot be refolded2. Aptamers, on the other hand, will properly re-fold after 
heating and cooling, enabling recovery of aptamer reagents following exposure to high temperatures during 
shipping or storage. 

Long-Term Access

Antibody hybridomas are typically cryo-preserved in liquid nitrogen. Hybridomas 
can be maintained over a period of years, but some are genetically unstable. 
Because non-producing clones tend to overtake producing ones, hybridoma cells 
can stop producing antibody over time.11 Failure of a liquid nitrogen tank can mean 
the loss of a precious hybridoma, so off-site and redundant storage of hybridomas is 
recommended. Aptamers are chemically synthesized, so only information regarding 
the aptamer sequence and any modifications is required to maintain long-term 
access to the aptamer that was originally produced and validated. 

Thrombin Aptamer: 5’-GGTTGGTGTGGTTGG-3’

Antibody Limitations and Aptamer Solutions

Monoclonal antibodies are a valuable tool in life science research, diagnostics, and therapeutics, but there are 
situations where a DNA or RNA aptamer might be a better alternative:

• Difficult target (non-immunogenic, toxic)
• Need to bind specific cell without known surface target / discovery of new biomarker(s)
• Simultaneous development of affinity agents for a number of targets
• Need to distinguish between highly similar compounds
• Unique sample type (differs from physiological conditions)
• Access to dense tissue for imaging or drug delivery
• Alternative to highly immunogenic therapeutic candidates
• Concern regarding non-specific binding (false positive/negative) due to endogenous antibodies 
• Desire to eliminate contamination, batch-to-batch variability, or long-term access concerns

Each year, a growing number of researchers are discovering and validating new aptamer-based detection methods, 
drug delivery agents, and therapeutics. Aptamers are proving to be a simple solution for applications that cannot 
rely on traditional antibodies.

Custom Aptamer Discovery

Base Pair has discovered aptamers to a wide range of targets for many different applications. Contact Base Pair 
today at www.basepairbio.com/contact, info@basepairbio.com, or 1-832-230-5518 to learn more about the 
discovery of aptamers for use in your application. 
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