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    The benefi ts of polyclonal 

antibodies as tools for 

assay-specifi c target dis-

covery and detection are 

numerous. As the future 

of basic research, diag-

nostics and biomarker 

discovery is dependent 

on high-quality reproduc-

ible data, there is a need 

to understand the im-

portance and benefi ts of 

these valuable tools. All 

antibody forms – poly-

clonal, hybridoma-based 

monoclonal and recombi-

nant monoclonal – have 

pros and cons for devel-

opment, validation and 

use. Yet, polyclonal anti-

bodies are embroiled in a 

fi restorm of controversy 

concerning data repro-

ducibility. We address 

best practices for devel-

oping and using poly-

clonal antibodies, pitfalls 

to their use and how to 

avoid them, and benefi ts 

to the life science com-

munity. Eliminating their 

use risks overlooking the 

unique benefi ts of poly-

clonal antibodies as ‘fi t-

for-purpose’ life science 

tools.             
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Polyclonal  antibodies: 
caught up in the 
conflagration

Antibodies are critical reagents most often 

used by life science and translational 

medicine researchers. Thoughtful antibody 

design and development allows for these 

tools to be used in many different appli-

cations, techniques and instrumentation. 

All forms of antibodies, polyclonal (pAb), 

hybridoma-based monoclonal (mAb) and 

recombinant monoclonal (rAb), have both 

pros and cons as research tools and have 

attributes that differentiate them from one 

another. pAbs display multi-epitope binding 

properties, which make these reagents 

ideally suited for many applications, 

whereas their finite supply detracts from 

their utility. As inherently limited supplies 

of pAbs become exhausted, new batches 

of antibody must be produced by regen-

erating a similar immune response which, 

even with appropriate validation, often 

results in subsequent batches displaying 

variations in antibody performance. mAbs 

exhibit precise and reproducible binding 

properties from batch to batch, but the 

time and cost to generate a mAb is consid-

erably greater compared with pAbs. rAbs 

offer the specificity and reproducibility of a 

hybridoma-derived mAb, but do not suffer 

from clonal drift or gene deletion, which 

may compromise mAb performance. 

However, rAbs are costly to produce, are 

not commercially available for a wide range 

of target proteins, and may present different 

production challenges.

Much has been written within the last 

decade concerning the issue of data 

reproducibility, especially as it pertains 

to antibodies. While some commentaries 

focused on methods, cell lines, critical 

reagents and data reporting [1,2], others 

focused on perceived systemic pitfalls 

of antibody technology in general as the 

primary culprit  [3,4]. Clearly there is a 

need to better understand the relationship 

between how antibodies are made and 

used and how standardized antibody 

validation strategies could improve the 

overall performance of antibodies as 

critical reagents [5–8]. While the majority 

of commercially produced antibodies 

are used appropriately in context by 

researchers resulting in the collection 

of high-quality and highly reproducible 

data, some well-validated antibodies 

are used by researchers inappropriately, 

for instance in the wrong application, 

resulting in irreproducible data, and some 

companies produce antibodies that should 

not be in the marketplace at all [7]. As the 

potential economic impact of low repro-

ducibility rates in life science research 

were assessed [9], thought leaders and 

key stakeholders assembled to begin 

to formulate approaches to resolve the 

dilemma, first by proposing ‘pillars’ for 

application-specific antibody validation [10] 

and subsequently by establishing a 

conceptual framework for validation [11]. 

The latter meeting correctly identified the 

many factors contributing to the problem 

of data irreproducibility (e.g., cell culture 

methods and cell line variances used 

for validation being a main focus), and 

indirectly refuted the premise that the 

primary cause of the problem was due to 

“some manufacturers producing consis-

tently good antibodies, and others consis-

tently poor ones” [3] or that the inherent 

properties of antibodies, such as unwanted 

cross-reactivity or unacceptably high levels 

of lot-to-lot variation, were to blame [4], as 

others initially asserted. With the goal to 

discuss and improve reproducibility, a 

diverse group of stakeholders including 

antibody producers, researchers, teaching 

institutions, journals and funding agencies 

needs to act with shared responsibilities. 

Here we specifically address the notion that 

“pAbs should be phased out of research 

entirely” [3]. The adage encouraging us to 

“use the right tool for the job” presupposes 

that we have more than one tool in our 

toolbox. If research is limited to using only 

one tool, science may fall prey to Maslow’s 

hammer: “If the only tool you have is a 

hammer you tend to see every problem 

as a nail” [12]. We see pAbs as invaluable 

research tools that continue to serve an 

appropriate role in research, especially if: (1) 

they are developed, validated and ultimately 

manufactured with the correct specifica-

tions; (2) positive and negative controls are 

used appropriately during production and 

release; and (3) they are ultimately used 

in an appropriate assay-specific context, 

according to conditions established for use 

by the manufacturer. While the inclusion of 

appropriate positive and negative controls 

is a requirement when using any form of 

antibody in all immunoassays, inclusion 

of controls in experimental designs is 

essential when using pAbs to assure 

sensitivity, specificity and reproducibility 

of results. Acceptable controls may include 

the use of: (1) purified native or recombinant 

proteins; (2) cells ectopically expressing 

the antibody’s target; (3) native cells or 

tissue endogenously expressing the 

antibody’s target; (4) cells transfected or 

engineered to downregulate or eliminate 

expression of the target; (5) cells stimulated 

or repressed with a drug, growth factor, an 

environmental condition or other additive 

affecting the expression of the antibody’s 

target; and (6) the inclusion of a positive 

control or gold-standard antibody run in 

parallel experiments. These methods are 

each informative and have differential value. 

Changes in the genetic code typically 

causing a complete ‘knockout’ of gene 

function can be considered a true negative 

control. This is true for lysate-based assays 

and cell or tissue staining where correct 

protein localization is critical. However, in 

the case of antibodies against post-trans-

lationally modified sites (phosphorylation, 

acetylation, etc.) downregulation of gene 

expression is not informative because 

it does nothing to indicate, for instance, 

phospho-specificity of the antibody. 

Instead, stimulation or inhibition of a 

signaling pathway known to modulate a 

specific site is preferred.

The benefits of clonal & 
biophysical diversity
The core benefits of pAbs center on two 

inherent properties: clonal and biophysical 

diversity. The ‘poly’ clonality of pAbs allows 

the binding of multiple antigenic determi-

nants of the target. This allows pAbs to be 

more sensitive in certain assays against a 

variety of target proteins, cells or organisms. 

The biophysical diversity of pAbs allows 

for greater stability when environmental 

challenges may cause inactivation, lability 

or precipitation of other forms of antibodies. 

These two properties are the basis of 

numerous advantages pAbs offer relative 

to their mAb and rAb counterparts.

In the research environment multi-

epitope binding properties for pAbs have 

clear benefits. The heterogeneous binding 

of several different epitopes and/or antigens 

by pAbs renders these reagents more likely 

to successfully bind a specific antigen in 

a variety of different test conditions and 

immunoassays [13], making these tools 

more appropriate for use than their counter-

parts. As capture antibodies in sandwich 

assays like capture ELISA, pAbs offer higher 
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sensitivity ranges in general than mAb–mAb 

pairings, due to more effective capturing 

of multiple antigen variants or epitopes 

presented by the analytes  [14]. This is 

especially crucial when considering human 

donor diversity and the need to cover a 

broad set of naturally occurring variances. 

Because pAbs typically recognize multiple 

epitopes on a target protein, they are more 

effective at detecting a target for use in 

chromatin immunoprecipitation (ChIP), 

even if a few epitopes are masked by 

cross-linking [15]. In immunohistochem-

istry (IHC) where the effects of the tissue 

fixation and processing on the epitope is 

unknown and highly variable, pAbs can be 

a better option because their multi-epitope 

binding allows for antigen recognition even 

if some of these epitopes are affected by 

changes in an antigen’s tertiary structure 

or accessibility. mAbs in comparison may 

find their epitope buried [16]. Furthermore, 

it has been reported for IHC that pAbs offer 

greater sensitivity for detecting proteins 

that are present in low quantities in a 

sample, since multiple antibodies will bind 

to multiple epitopes on the protein [17]. A 

western blotting experiment comparing 

pAb and mAb derived from the same goat 

as the original source of antibody show 

very robust and more sensitive detection 

by the pAb when compared with its mAbs 

counterpart (see Figure 1) due to multi-

epitope binding. This feature also supports 

pAbs as an excellent choice to generate 

secondary antibody reagents since they are 

less discriminate in their binding sequence 

and more tolerant of structural variations on 

primary antibodies. This is especially true 

when detecting murine mAbs, which have 

significant isoform variations in sequence, 

structure and processing and is also crucial 

when detecting human antibodies in 

diagnostic assays with patients from varied 

ethnic backgrounds to prevent or minimize 

false negatives.

In diagnostic and therapeutic appli-

cations, pAbs also demonstrate advan-

tages due to their multi-epitope binding 

properties. For instance, pAbs are more 

likely to result in high-avidity binding, the 

low likelihood of antigen ‘escape variants’ 

emerging, and the efficient triggering of 

effector functions [18,19]. pAbs have been 

shown to eliminate pathogens more effec-

tively than mAbs due to the pAbs ability 

to bind different structures on a given 

pathogen, thereby increasing the likelihood 

of its elimination. Furthermore, mAbs do 

not represent the benefits of polyclonality 

utilized by a natural immune system and 

can therefore be less efficacious as antibody 

drugs against infectious agents [20]. For this 

reason, it has been suggested that pAbs 

may represent an overlooked approach to 

viral and toxin neutralization in antibody-

based therapeutics  [21]. In diagnostic 

assays that are dependent on immune 

complex formation such as immunoturbi-

dimetric assays, for example, turbidimetry 

and nephelometry, pAbs are preferred as 

they can form lattices with homogeneous, 

monomeric protein antigens because 

each antibody can interact with a different 

epitope on the antigen [22]. pAbs represent 

an ‘elegant solution’ to the problem of 

detecting contaminating host cell proteins 

as impurities in biological drugs [23]. pAb 

development allows for the simultaneous 

detection of both low and high abundancy 

proteins and low and high immunogenic 

proteins in bioprocessing streams [24,25]. 

Developing monoclonal reagents towards 

these types of targets would pose signif-

icant technical hurdles and in the case of 

host cell protein detection are currently not 

feasible or practical.

The biophysical diversity of pAbs allows 

for generally easier storage and dilution than 

mAbs, due to their variance in biophysical 

attributes, such as charge and hydropho-

bicity. By contrast mAbs may require the 

addition of stabilizing agents at low concen-

trations to prevent aggregation, precipitation 

and preserve antibody binding [26]. Similarly, 

pAbs are more resistant to changes in 

temperature and pH when compared with 

mAbs, which tend to require stabilizers 

or excipients to maintain their biological 

activity when exposed to environmental 

stresses [27]. While it has been reported 

 

Figure 1. Comparison of sensitivity levels of monoclonal and polyclonal antibodies against MMP1. 
R ecombinant MMP1 and HEK001 lysate was separated on a 4–20% SDS-PAGE, followed by western 

blot. Anti-human MMP1 goat polyclonal (AF901 from R&D Systems) used at 1  g/ml is shown to detect 

both the recombinant protein control (lane 1), as well as MMP1 in HEK001 lysates (lane 2). By compari-

son, the recombinant goat monoclonal (MAB901R from R&D Systems) shows diminished binding at the 

same dilution (lanes 3 & 4) to the recombinant protein control and does not detect the endogenously 

expressed protein, and only detects the MMP1 protein expressed in HEK001 lysates when the antibody 

concentration is increased to 5  g/ml (Lane 5).
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that pAbs are much easier to couple with 

small-molecule labels because they are 

more tolerant of accepting a conjugation 

moiety without negatively affecting the ability 

of the antibody to bind the target, this is 

most likely due to selective coupling of 

subspecies within the polyclonal mixture. 

For similar reasons, mAbs have been shown 

to demonstrate narrower ranges of the 

degree-of labeling (DOL) to optimize signal 

intensity [28].

Additional benefits 
of  using pAbs
In addition to the benefits conferred on pAbs 

resulting from their clonal and biophysical 

properties, other benefits can be ascribed 

to pAbs due to methods-based production 

differences in comparison with mAbs. 

pAbs can be generated in a wide range of 

host animals including avian, which have 

been reported to illicit a stronger immune 

response to proteins that have high 

homologies between mammalian targets 

and mammalian hosts [29]. Furthermore, 

pAb generation provides the researcher 

with opportunities to modify the quantity 

of the antigen, the route of injection, the 

number and distribution of injection sites, 

the frequency of antigen injection, the 

particular adjuvant, the quantity of the 

adjuvant and the antigen:adjuvant ratio in a 

manner that may not be typically available 

when conventional mAbs are produced. 

When optimized, these parameters may 

result in higher affinity antibodies with 

increased yields for pAb production [30]. 

Especially when goats are used as the 

animal of choice, vastly greater amounts of 

pAbs can be generated within 3–4 months 

in general, at a lower cost, and with less 

technical skill than is required to produce 

mAbs or rAbs [31]. Lastly, pAbs have fewer 

facility and specialized equipment require-

ments; for instance, pAbs do not require cell 

culture facilities, devices for electroporation 

or advanced skills for cloning.

Factors i nfluencing the 
decision to use  pAbs

pAbs can be produced in a wide variety 

of host species, considerably greater in 

number and diversity than mAbs, including 

conventional hosts such as rabbits, goats 

and sheep, as well as specialized hosts like 

chicken, duck [32] and donkey. Conse-

quently, there are several factors that need 

to be considered when deciding on: (1) what 

type of antibody to make (e.g., pAbs, mAbs 

or rAbs); and (2) if pAbs are the desired 

type, which host species to use. If the pAb 

is intended to be used in an application 

requiring large amounts of antibody over 

time, a host with greater body weight, such 

as donkey, goat or sheep, and therefore 

greater total blood volume may be the 

better choice, due to the increased yield of 

serum as well as the longevity of the animal. 

Mouse pAbs, while a cheap and fast way of 

producing an antibody serum, are not easily 

maintained or reproduced and should be 

avoided for these reasons. A poor response 

to mouse immunogens may be observed 

when mice or rats are immunized for pAb 

or mAb development. In some instances, 

immunizing a heterologous species such as 

hamster may result in a stronger immune 

response [33].

Strategies to mini-
mize the disadvantages 
i nherent to pAbs
pAbs do have disadvantages mainly due to 

their finite supply. However, many of these 

disadvantages, when properly addressed, 

can be sufficiently mitigated to allow for 

the collection of high-quality data that can 

be reproduced from experiment to exper-

iment and from laboratory to laboratory. For 

example, pAbs may require more rigorous 

validation than mAbs due to their heteroge-

neity. Many pAbs are raised against native 

proteins or fragments of proteins, rather 

than against peptides, as is commonly 

done when mAbs are produced. Therefore, 

a thorough analysis of the homology of the 

immunogen used with other proteins is 

crucial. Since pAbs will recognize multiple 

epitopes, the risk of cross-reactivity with 

different targets is inherent. Some of 

those risks can be eliminated by negative 

absorption during affinity purification on 

a column containing the closely related 

protein. Many immunogens are conju-

gated to a carrier protein such as KLH, BSA 

or OVA, that will also elicit an unwanted 

immune response when co-immunized 

into the host with the target protein. 

Again, this cross-reactivity can be elimi-

nated during the serum purification steps 

by cross adsorption using a carrier-specific 

column or by avoiding carriers altogether 

during immunization, as many proteins do 

not require carriers as previously thought 

due to their inherent structure and size 

compared with haptens and peptides. 

Cross absorption is especially useful for 

secondary reagents to remove unwanted 

species or isotype cross-reactivities. After 

purification, the specificity of pAbs must 

be ensured for every lot produced, for 

instance by testing the antibody against a 

panel of closely related and control recom-

binant proteins by direct ELISA or western 

blot (WB). Since pAbs often are collected 

from antiserum generated over a period 

of time (sometimes many years), lot-to-lot 

consistency must be controlled. This can 

be achieved using methods similar to those 

used for mAb production, where each 

newly purified lot is tested and the results 

compared to its original specifications and 

applications under the same experimental 

conditions to assess for drift in lot-to-lot 

reproducibility. Lot-to-lot consistency can 

be effectively managed by comparing the 

performance of newly manufactured lots 

to existing and historical lots. Pooling is 

another risk mitigation strategy as it has the 

intended effect of both minimizing varia-

tions in antibody reactivity and results in 

fewer, yet larger, lots produced. Very 

large pools of serum (usually obtained 

from donkey, sheep or goat) are easier to 

maintain over many years than multiple 

smaller lots produced from hosts that yield 

less serum and therefore greater lot-to-lot 

consistency can be achieved. If the pAb 

is carefully developed and production 

parameters are carefully maintained, the 

end product is just as valuable and reliable 

a reagent as a mAb. By example, the 

specificity for pAbs can be shown utilizing 

CRISPR knock-out cell lines for validation 

(Figure 2A & B) as effectively as genetic 

modifications can be used to demonstrate 

specificity for mAbs.

When not to use  pAbs
While pAbs are an invaluable research tool 

for many applications and fit specific needs 

of certain immunoassays, they clearly are 

not the best choice in other areas especially 

where regulatory controls exist. For 

instance, epitopes on targets that represent 

a small change such as a single amino acid 

polymorphism [34,35] or a post-transla-

tional modification [36,37] (e.g., phosphory-

lation, methylation, hydroxylation), may be 

better targeted using a mAb. Often these 

types of targets or changes are too small to 
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elicit a robust pAb immune response and 

in addition increase the risk of nonspecific 

antibody reactivity within the pAb mixture. 

Despite this disadvantage, pAbs can be 

generated successfully against post-trans-

lational modifications (PTMs) or SNPs by 

immunoaffinity purification of high titer 

antiserum and by utilizing the additional 

step(s) of negative adsorption as stated 

above. However, attention to optimized 

protocols and the inclusion of adequate 

controls and standards is essential to 

achieve lot-to-lot reproducibility and 

maintain acceptable binding affinities. For 

similar reasons epitopes for isozyme- [38] 

or idiotype- [39] specific targets may be 

better recognized by mAbs to ensure the 

highest specificity possible. For diagnostic 

or therapeutic uses additional factors that 

can negatively influence the decision of 

choosing a pAb over a mAb or a rAb include 

the regulatory status of the final product. If 

the antibody is used in a diagnostic appli-

cation such as IHC, the requirements of 

regulatory agencies such as the US FDA 

and its counterparts elsewhere must be 

considered from the onset of antibody 

production. For instance, antibodies used 

in an approved diagnostic test may require 

the disclosure or knowledge of the epitope 

the antibody recognizes on the target of 

interest [40]. This analysis would be difficult, 

if possible at all, using a pAb. Another factor 

to consider for diagnostic use would be a 

stable supply of material, without changes 

in the sensitivity and specificity of the 

antibody. Since pAbs are inherently more 

prone to changes over the duration of the 

immunization cycle, variations in perfor-

mance of concern to regulatory agencies 

can be minimized or eliminated by choosing 

a mAb or rAb. Although pAbs are well 

suited for certain therapeutic applications 

as stated above, mAbs or rAbs would be 

a more desirable alternative when consid-

ering the potential for patients to develop 

anti-drug antibodies, as a single antibody, 

in contrast to a mixture of pAbs, would 

be easier to analyze for interference with 

clinical efficacy [41]. Similarly, mAbs have 

a long history of regulatory approval for 

therapeutics including for use as antibody–

drug conjugates [42], as vaccines to rapidly 

emerging infectious diseases [43], to target 

multifactorial diseases [44], for antibody-

dependent cell-mediated cytotoxicity [45], 

and many other clinical applications 

p reviously reviewed [46–49].

Conclusion
pAbs, mAbs and rAbs represent a collection 

of invaluable tools for life science research 

and each form of antibody has advantages 

and disadvantages when compared with 

their counterparts. These differences can 

be exploited to create opportunities for the 

collection of high-quality reproducible data 

in an application-specific setting. What is 

clear is that antibodies, including pAbs, 

have been, are now, and will continue to 

be critical reagents most often used by life 

science researchers, and that antibodies 

are transformative tools used to diagnose 

and treat disease. The life science research 

community needs to better understand 

the strengths and weaknesses of each of 

these tools and not to dismiss an entire 

class of antibodies due to perceived limita-

tions. Each type of antibody should be 

deployed in a context that appropriately 

takes advantage of their inherent properties. 

For some researchers, pAbs may represent 

an overlooked tool that cannot easily be 

replaced by using a mAb or rAb. By empha-

sizing the appropriate role pAbs may play 

in conducting life science research our 

efforts here should improve upon the use 

of antibodies, the collection of reproducible 

data and the expansion of antibody-based 

technologies. This is especially important 

as the demands of platform technologies 

continue to grow, new targets of interest 

are discovered and rarely studied species 

are explored.

Future perspective
Market pressure, rather than regulatory 

oversight, will effect changes in how 

antibodies, including pAbs, are produced 

and validated. These changes will likely have 

the greatest impact on a subset of producers 

who have not yet adopted high standards 

for antibody production and validation. The 

life science research community would 

greatly benefit from universal standards 

for antibody validation that are application-

specific in their approach to validation. 

The perspective of researchers will likely 

evolve, resulting in a better understanding 

of when, and when not, to use an antibody 

in a ‘fit-for-purpose’ manner. Closing this 

knowledge gap may result in the appro-

priate deployment of pAb, mAb or rAb 

forms of antibodies for the collection of high-

quality data. As funding agencies and some 

journals have already started to modify 
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Figure 2. Knockout data showing specificity of polyclonal antibodies against Caspase 3 and Axl. (A) 
Western blot shows human Axl specificity by using knockout cell line. Western blot shows lysates of 

A431 human epithelial carcinoma parental cell line and Axl knockout A431 cell line (KO). PVDF mem-

brane was probed with 1  g/ml of goat anti-human axl antigen affinity-purified polyclonal antibody 

(AF154 from R&D Systems) followed by HRP-conjugated anti-goat IgG secondary antibody (HAF017 

from R&D Systems). A specific band was detected for Axl at 150 kDa (as indicated) in the parental A431 

cell line, but is not detectable in KO A431 cell line. (B) Western blot shows human caspase-3 specificity 

by using KO cell line. Western blot shows lysates of HeLa human cervical epithelial carcinoma parental 

cell line and caspase-3 KO HeLa cell line. PVDF membrane was probed with 0.2  g/ml of goat anti-

human/mouse caspase-3 antigen affinity-purified polyclonal antibody (AF-605-NA from R&D Systems) 

followed by HRP-conjugated anti-goat IgG secondary antibody (HAF017 from R&D systems). A specific 

band was detected for Caspase-3 at 32 kDa (as indicated) in the parental HeLa cell line, but is not 

detectable in KO HeLa cell line. GAPDH (AF5718 from R&D Systems) is shown as a loading control in 

both images.

KO: Knockout.
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requirements to enhance the specification 

of critical reagents in grants and publica-

tions, it is likely universities and antibody 

producers themselves will bolster efforts 

to better educate researchers on antibody 

selection and use in an application-specific 

context. While pAbs will likely always play 

an appropriate role as a research tool as 

described in this review, the role for rAbs will 

likely expand as this technology continues 

to develop.
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