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Polyreactive antibodies, a major component of the natural antibody repertoire, bind with low affinity to a
variety of structurally unrelated antigens. Many of these antibodies are germline or near germline in sequence.
Little is known, however, about the function of these antibodies. In the present mini-review we show: (1) that the
broad antibacterial activity of the natural antibody repertoire is largely due to polyreactive antibodies, which in
the presence of complement lyse bacteria and enhance phagocytosis; (2) that polyreactive antibodies bind to
UV- or human immunodeficiency virus-induced apoptotic cells and with complement enhance the phagocytosis
of these cells by macrophages; and (3) that dinitrophenol can be used as a surrogate for quantitating the level of
polyreactive antibodies in serum. We conclude that polyreactive antibodies protect the host against both foreign
invaders and its own damaged/apoptotic cells.
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Immunization of the host with a purified antigen results
in the development of high-affinity antibodies that react
with the immunizing antigen. However, for >100 years
it has been known that normal serum contains low-
affinity antibodies that react with self-antigens and
some foreign antigens to which the host has never been
exposed. These natural antibodies have been found in
newborns and germ-free animals, adding to the enigma
as to what triggers their production in the absence of
antigenic stimulation [1].

Studies beginning in the early 1980s from our labo-
ratory at the National Institutes of Health and Stratis
Avrameas’s laboratory at the Pasteur Institute showed
by making hybridomas that many of the resulting
monoclonal antibodies bound with low affinity to a va-
riety of structurally unrelated antigens [2–5]. In the
past, antigen-antibody binding has been thought of in
terms of a “lock and key” hypothesis with the antigen
and antigen-binding pocket of the antibody having a

rigid complementary structure. With the elucidation
of the molecular structure of the antigen-binding pock-
et and the innumerable V-D-J combinations, it is now
recognized that the antigen-binding pocket of polyreac-
tive antibodies, many of which are germline or near
germline in configuration, are more flexible than the
antigen-binding pocket of classic monoreactive high-
affinity antibodies. This has led to several explanations
for polyreactivity [6–8].The one thatwe favor themost [9]
is illustrated in Figure 1. This shows that the antigen-
binding pocket is flexible (ie, induced fit) and can ac-
commodate antigens that bind to different residues
within the binding pocket. Thus, alterations in confor-
mation and clonal selection can be viewed as comple-
mentary processes that increase antibody diversity and
are not mutually exclusive.

BINDING OF POLYREACTIVE
ANTIBODIES TO BACTERIA

During the last several years we have been attempting to
elucidate the function of polyreactive antibodies which
are a major component of the natural antibody reper-
toire. It has been known for some time that natural
antibodies can react at low levels with a variety of bac-
teria and viruses to which the host has never been ex-
posed [10, 11]. To see whether this reactivity was due to
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polyreactive antibodies within the natural antibody repertoire,
we prepared a number of monoclonal polyreactive and mono-
clonal monoreactive antibodies by hybridoma technology and
tested the binding capacity of these antibodies with a panel of
gram-negative and gram-positive bacteria [12]. As seen in
Table 1 the monoclonal monoreactive antibody (mAb2507)

bound strongly to Escherichia coli 0157:H7 to which it was
made, but it did not bind to the other 11 bacteria. In contrast,
monoclonal polyreactive antibody (pAb2E4) bound strongly,
moderately, or weakly to the same panel of bacteria to which
mAb2075 did not bind.

Further studies revealed that complement bound to the bac-
teria to which the monoclonal polyreactive antibody bound but
not to the bacteria that had been incubated with monoclonal
monoreactive antibody. Moreover, the gram-positive bacteria
to which the polyreactive antibody and complement bound
grew at a slower rate and were lysed and phaocytosed by mac-
rophages (Figure 2). In contrast to gram-negative bacteria,
gram-positive bacteria were not lysed by polyreactive antibodies
and complement, but the binding of complement led to the
release of C5a, a powerful chemotactic factor. These studies

Table 1. Binding of Monoreactive (mAb2507) and Polyreactive
(pAb2E4) Antibodies to Gram-Positive and Gram-Negative Bacteria
as Determined by Fluorescence-Activated Cell Sorting Analysis

Bacteria

Antibody Binding, %

Monoreactive Polyreactive

Streptococcus oralis J22 4.6 75.0
S. oralis 10557 2.8 57.0

Streptococcus mitis 15914 1.6 73.0

Escherichia coli BL21 0.1 82.0
S. oralis C104 1.5 37.0

S. oralis 34 2.9 33.0

Actinomyces naeslundii T14V 1.0 31.0
E. coli K12 1.0 36.0

Streptococcus gordonii 38 3.0 11.0

S. gordonii DL1 2.0 7.4
A. naeslundii 12104 2.0 23.0

E. coli 0157:H7 96.0 5.0

Figure 1. Conformational/induced fit hypothesis to explain polyreactiv-
ity. In contrast to the rigid structure of the classic “lock and key” model of
antigen-antibody binding, it is thought that the antigen-binding pocket of
polyreactive antibodies are more flexible and can therefore accommodate
different antigenic configurations. The graphic shows 4 antigens interact-
ing with different amino acid residues with the antigen-binding pocket of a
single broadly-reactive polyreactive antibody. Each interaction alters the
folding or conformation of the antigen-binding pocket in a different way
(from Ref. [9]).

Figure 2. A, Inhibition in the growth of gram-positive Escherichia coli
(BL21) by polyreactive antibody (pAb2E4), as measured by the incorporation
of 3H-TdR in the presence of complement. Abbreviations: CPM, counts per
minute; PBS, phosphate-buffered saline. B, Phagocytosis by macrophages of
polyreactive antibody (pAb2E4)-treated E. coli (BL21) in the presence of com-
plement, as determined by fluorescence-activated cell sorting analysis and
measured by mean fluorescence intensity (MFI) (from Ref. [12]).
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Figure 3. Human T cells exposed to UV light were sorted into live, early, and late apoptotic populations. The binding profile of monoreactive (mAb8512)
and polyreactive (pAb2E4, pAbZH-6, pAbZH-20) antibodies shows that polyreactive antibodies, but not monoreactive ones, bind primarily to late apoptotic
cells (from [15]). Abbreviations: IgM, immunoglobulin M; PI, propidium iodide.

Figure 4. Polyreactive (pAb2E4, pAbZH-6, pAbZH-20) but not monoreactive (mAb8512), antibodies bind to human immunodeficiency virus (HIV)-induced
apoptotic cells (from Ref. [15]). Abbreviation: IgM, immunoglobulin M.
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support the argument that the broad antibacterial activity of the
natural antibody repertoire is in large part due to the presence
of polyreactive antibodies.

BINDING OF POLYREACTIVE ANTIBODIES TO
APOPTOTIC CELLS

Very recently we found a second major function of polyreactive
antibodies. In humans, it is thought that each day a billion or
more cells undergo apoptosis. Numerous studies have shown
that natural antibodies bind the apoptotic cells and enhance
their phagocytosis by macrophages [13, 14].To see whether pol-
yreactive antibodies bind to apoptotic cells [15], human T cells
were made apoptotic by short exposure to UV light. As seen in
Figure 3, polyreactive antibodies bound to late apoptotic cells,
but monoreactive antibodies did not. Moreover, that binding
led to the fixation of complement, the generation of the chemo-
tactic factor C5a, and the enhancement of phagocytosis by mac-
rophages. Human T cells made apoptotic by infection with
human immunodeficiency virus also led to the binding of poly-
reactive but not monoreactive antibody (Figure 4). This in turn
resulted in the binding of complement and the enhancement of
phagocytosis. We conclude from these studies that polyreactive
antibodies contribute in a major way to the clearance of cells
made apoptotic by a variety of natural and infectious processes.

QUANTIFICATION OF POLYREACTIVE
ANTIBODIES IN SERUM

Most studies on monoclonal polyreactive antibodies have used
antibodies from hybridomas. However, in serum, it is estimated
that there are millions of different polyreactive antibodies, many
of which show different binding patterns and affinities when
evaluated with a large panel of antigens. Thus, measuring

polyreactive antibodies in serum requires a different approach
than used to measure an antigen-specific monoreactive anti-
body. Our studies showed that monoclonal polyreactive anti-
bodies could bind to a variety of haptens and synthetic
molecules. After extensively comparing a number of molecules,
we decided to use dinitrophenol (DNP) as a surrogate for poly-
reactivity (unpublished data). DNP is a synthetic molecule not
present in the environment, and individuals are not normally
exposed to it. Therefore, if antibodies in the serum react with
DNP, they would almost certainly have to be polyreactive anti-
bodies, and their titer to DNP could serve as an index of
polyreactivity.

To test this possibility, we used 2-fold serial dilutions of
serum samples to determine the end-point titer of polyreactive
anti-DNP, using enzyme-linked immunosorbent assay plates
coated with DNP. Figure 5 shows a representative titration
curve of anti-DNP polyreactive antibody using serum from
20 mice. Then we determined the titer of anti-DNP polyreactive
antibodies in different strains of mice and in mice of different
ages and sexes. The different strains of mice showed up to a
7-fold variation in polyreactive antibody titer, and 12-month-
old male and female mice showed a 3–6-fold increase in poly-
reactive antibody titer compared with 2-month-old mice. The
polyreactive antibody titer is now being used as an index to eval-
uate the range of polyreactive antibodies in various pathophys-
iologic conditions in mouse and human diseases.

In conclusion, polyreactive antibodies have the capacity to
protect the host against foreign invaders and their own apopto-
tic cells, and the titer of the antibody to DNP can be used as a
index for measuring polyreactivity.

Notes

Disclaimer. The views expressed in this manuscript represent the opin-
ions of the authors and do not necessarily represent the official views of the
National Institutes of Health.

Figure 5. Quantification of polyreactive antibodies in serum samples using the titer of antibody to dinitrophenol (DNP) as a surrogate for polyreactivity.
Enzyme-linked immunosorbent assay plates were coated with DNP, and the polyreactive antibody titer was determined by serial 2-fold dilutions. A, Rep-
resentative titration curve from 20 mice. B, Polyreactive antibody titers in different strains of mice. C, Polyreactive antibody titers by age and sex of mice.
Abbreviations: BSA, bovine serum albumin; OD405, optical density at 405 nm.
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