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Plant lectins are novel Toll-like receptor agonists
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A B S T R A C T

The T cell mitogen and plant glycoprotein, phytohaemagglutinin (PHA), is commonly used to stimulate

peripheral blood mononuclear cell (PBMC) preparations to produce IL-2, IL-5, GM-CSF and IFN-g and so

provide an assay to detect immunosuppressants like FK506 and anti-inflammatories such as PDE IV

inhibitors.

During the early discovery of novel TLR agonists for the treatment of asthma we initially showed that

PHA-L is a specific human TLR4 agonist, devoid of effects on equivalent TLR4 null cells. This TLR4 agonism

was not due to LPS contamination of PHA-L, as polymyxin B was ineffective and unlike PHA-L, LPS did not

stimulate TLR5 or TLR2/6. Also this specific PHA-L agonism of TLR4 was shown for different PHA forms,

for example, PHA-P.

This TLR lectin pharmacology finding was further explored by testing a broader panel of plant lectin

representatives for agonism against a suite of hrTLR cell reporter assays (2/6, 3, 4, 5, 7, 8 and 9).

Soybean agglutinin (SBA), concanavalin A (ConA) and PHA lectin family members only stimulated

extracellular TLRs (2/6, 4 and 5) probably due to lack of intracellular access, whilst other lectins were

either pan-active (WGA) or inactive (AIL).

Interestingly SBA only stimulated TLR4, ConA, TLR2/6 and PHA-L, TLR2/6, 4 and 5. As each lectin

family exhibits different sugar ligand specificity for interaction, these results suggest that the

pharmacology of this TLR agonism is encoded by the lectin’s carbohydrate recognition motifs and the

appropriate surface presentation of these motifs on different TLRs.

� 2011 Elsevier Inc. All rights reserved.
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1. Introduction

Lectins represent a very large family of glycoproteins (>100)
that specifically bind to mono- or oligosaccharides with varying
degrees of valency. They are oligomeric and exhibit broad
structural diversity with varying molecular size (60–400 kDa),
complexity and shape. Each lectin polypeptide contains many
molecular domains, one of which is the carbohydrate recognition
domain, responsible for their ability to recognize and interact with
specific glycoconjugates.

Lectins are universally expressed and have been shown to
function in animals, plants, and microorganisms as cell and
Abbreviations: LPS, lipopolysaccharide; NF-kB, nuclear factor kB; PMB, polymyxin

B; ConA, concanavalin A from Canavalia ensiformis (jack bean); SBA, soybean

agglutinin from Glycine max (soybean); PHA, phytohaemagglutinin from Phaseolus

vulgaris (red kidney bean); PHA-L, tetramer of L isolectin subunits (i.e., L4); PHA-P,

tetramer of L and E isolectin subunits mixtures (i.e., L1E3, L2E2, L3E, E4, L4); WGA,

wheat germ agglutinin from Triticum vulgaris; AIL, lectin from Artocarpus integrifolia

(jacalin); PNA, peanut agglutinin from Arachis hypogaea; IA, intrinsic activity;

pEC50,�log10{EC50 [LPS or lectin] (g/ml)} or�log10{EC50 [compound] (M)}; NA, not

active.
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molecular recognition proteins [1]. Not only do lectins bind to cells
via glycoprotein recognition, but they also facilitate communica-
tion between cells and molecules, for example, lectins are critical
to host defense in plants, as well as regulation of glycoprotein
biosynthesis and cell migration in animals.

Seminal studies into the agglutination effects of plant lectins on
animal cells began in 1888 by Stillmark, leading to increased
interest and the eventual application of these proteins for blood
typing, malignant cell surface glycoprotein architecture and
understanding oligosaccharide protein interactions; for review
see [2]. However it was not until 1960 that Nowell [3] showed that
PHA was a potent lymphocyte mitogen. Subsequently the specific
interaction recognition site for this PHA-driven lymphocyte
activation was identified as Ti, a protein intimately associated
with the T cell receptor (TCR):CD3 complex [4].

This ability of PHA to stimulate specific cell types subse-
quently provided a readily available array of in vitro cell
functional assays to study biological systems ranging from
mitogenicity to pro-inflammatory cytokine production. As these
assays are both routine and reliable, they have been and still are
used by the pharmaceutical industry as definitive secondary
assays to identity and confirm novel anti-inflammatory and
immunomodulatory agents, such as the emerging importance of
TLR modulators.

http://dx.doi.org/10.1016/j.bcp.2011.03.010
mailto:john.unitt@astrazeneca.com
http://www.sciencedirect.com/science/journal/00062952
http://dx.doi.org/10.1016/j.bcp.2011.03.010


Fig. 1. Concentration–effect curves for different PHA forms, TNFa and LPS in

stimulating TLR4 NF-kB cell reporter activity. Assays described in Sections 2.3 and

2.4. Concentration effect data were fitted to a 4 parameter logistic equation to

determine pEC50 and IA. Data points represent the mean � SEM (n � 4).
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This interest in modulating TLR function, especially agonism,
has materialized over the last 10 years and is an area potentially
rich in therapeutic opportunities to provide novel treatments for a
range of different diseases such as cancer, rheumatoid arthritis and
SLE [5].

Although TLRs are able to recognize a broad spectrum of
structurally diverse ligands ranging from small molecules and
polynucleotides to lipopeptides from synthetic, host and pathogen
sources, there is surprisingly little literature on the direct
interaction of TLRs with lectins [6,7]. For example, TLR4 has been
shown to respond to a growing catalogue of structurally diverse
ligands ranging from the seminal ligand, LPS to taxol [8] and
hyaluronan [9]. Interestingly TLR4 requires specific N-glycosyla-
tion to function as an LPS receptor in concert with MD-2 [10], yet it
is not known whether carbohydrate recognition ligands such as
plant lectins can act as TLR4 ligands. With this in mind we
investigated the effect of plant lectins on a panel of hrTLR NF-kB
reporter cell assays and clearly demonstrate in this article that
PHA-L and other lectins are able to act as specific ligands for certain
TLRs.

2. Materials and methods

2.1. Reagents

Plant lectins were purchased from Sigma–Aldrich (St. Louis, MO,
USA) and Roche Diagnostics Ltd. (Burgess Hill, UK). SEAP reporter
cell line, ZeocinTM, Blasticidin S HCl, Hygromycin B solution,
Pam3Cys, Poly(I:C), flagellin, CpG-B, 3M 002 (CL075), R-848 and
Ultrapure LPS (0111:B4) were obtained from InvivoGen (San Diego,
CA, USA). DDAO Phosphate was from Molecular Probes (Invitrogen,
Paisley, UK). Cryopreserved purified Clonetics1 CD14+ human
monocytes were supplied by Lonza UK Ltd., Cambridge, UK. For the
TNFa fluorescence-linked immunosorbent assay (FLISA), hrTNFa,
anti-human TNFa monoclonal antibody, anti-TNFa biotinylated
antibody were from R&D Systems (Abingdon, UK), Spherotech goat
anti-mouse beads from Saxon (Kelso, UK) and ZyMax grade
Streptavidin-Alexa647 from Invitrogen (Paisley, UK). All other
reagents were purchased from Sigma–Aldrich (St. Louis, MO, USA).

2.2. Cell culture

The most common variant sequence of each human TLR was
determined and then cloned into the mammalian cell expression
vector pUNO (InvivoGen) and transfected into the HEK (human
embryonic kidney) secreted alkaline phosphatase (SEAP) reporter
cell-line. This SEAP reporter cell already expressed the pNiFty2
vector (InvivoGen) for NF-kB inducible control of the SEAP reporter
gene via the endothelial cell-leukocyte adhesion molecule 1
promoter. A single clone for each TLR reporter cell line was selected
on the basis of giving an optimal response to the cognate TLR
agonist. The TLR8/4 chimera was made by fusing the endosomal
domain of TLR8 with the transmembrane and intracellular domain
of TLR4 at a conserved Thr-Cys site present just into the endosomal
TLR8 domain, see [11] for further details.

Cells were cultured in Dulbecco’s Modified Eagle’s Medium
(DMEM) containing 10% (v/v) FBS, 2 mM L-glutamine, 100 mg/ml
ZeocinTM, 50 mg/ml Hygromycin B and 10 mg/ml Blasticidin S and
maintained at 37 8C in a 5% (v/v) CO2/air environment with 95%
humidity.

2.3. Cell reporter SEAP assay

Cells were incubated at 1.5 � 106/ml in DMEM supplemented
with 1% (v/v) foetal bovine serum (FBS), 2 mM glutamine, 100 U/ml
penicillin, and 100 mg/ml streptomycin prior to stimulation with
lectins/LPS/TLR standard agonists for 20 h at 37 8C in a 5% (v/v)
CO2/air environment, 95% humidity. Measurement of SEAP cell
reporter activity was performed as described by InvivoGen [12].

2.4. Monocyte TNFa production assay

Cryopreserved human monocyte preparations were thawed
and incubated at 1 � 106 cells/ml in DMEM supplemented with
10% (v/v) FBS, 2 mM glutamine, 100 U/ml penicillin, and 100 mg/
ml streptomycin prior to stimulation with lectins/LPS for 20 h at
37 8C in a 5% (v/v) CO2/air environment, 95% humidity. TNFa in the
media was measured using a FLISA [13].

3. Results

3.1. PHA specifically activates TLR4

Our results showed that different forms of PHA (i.e., PHA-L and
PHA-P) stimulated TLR4 NF-kB reporter activity with a similar
potency, but lower than that of LPS (see Fig. 1). The absolute
potency of PHA-L (>95% pure, Mr 115 kDa) measured was 7 nM
(pEC50 8.2) with a maximal efficacy �80% that of LPS. PHA-P was
more efficacious than PHA-L suggesting that E isolectin compo-
nents present in PHA-P drive the greater stimulation; further work
using PHA-E (i.e., E4) would help to confirm this hypothesis.

The TLR4 specificity of this finding for PHA was shown by the
inactivity of the PHA forms in stimulating reporter activity in an
equivalent TLR null assay in contrast to TNFa, which worked
equivalently in all HEK TLR reporter assays due to coupling of
endogenous TNFaR1 activation to the NF-kB reporter. As expected,
LPS only worked in the TLR4 expressing cell line and not in the
parental equivalent (see Table 1). Interestingly, although the TLR4
reporter pEC50 values for the different PHAs were the same, the
intrinsic activities were significantly different with the following
ranking: PHA-P > PHA-L.

A major concern was that PHA preparations from plant extracts
may be contaminated with LPS, leading to misinterpretation of a
direct TLR4 activation by PHA itself. To address this we treated our
PHA preparations with polymyxin B (PMB), a well established
technique to remove LPS and so eliminate the possibility of LPS
contamination interfering with the results [14]. As Table 2 clearly
demonstrates, PMB inactivated LPS as expected, but had no effect
on the PHA-L TLR4 response, suggesting no LPS contamination in



Table 1
Summary of the potency and intrinsic activity of various PHA forms in stimulating

TLR4 NF-kB cell reporter activity.

Ligand TLR4 Parental cell line

pEC50 IA pEC50 IA

LPS 8.0�0.0 (94) 1.0 NA (3)

TNFa 9.9�0.0 (3) 2.0� 0.0 (3) 9.3� 0.1 (3) 1.0

PHA-P 5.6�0.3 (3) 1.1� 0.1 (3) NA (3)

PHA-L 6.1�0.3 (6) 0.7� 0.1 (6) NA (3)

Assays described in Section 2.3. IA values represent the maximal reporter activity as

a fraction of the maximal LPS response for TLR4 or TNFa for parental cell assay.

pEC50 and IA values represent the mean� SEM for the number of experiments in

parentheses. NA: not active (IA<0.2 at 30 mg/ml for lectins and 1 mg/ml for LPS).

Table 3
Comparison of the effect of PHA-L and LPS on TLR4 and TLR2/6 NF-kB cell reporter

activity.

Ligand TLR4 TLR2/6

pEC50 IA pEC50 IA

LPS 8.0� 0.0 (94) 1.0 (94) NA (6)

PHA-L 6.1� 0.3 (6) 0.8�0.1 (6) 5.4� 0.2 (3) 0.5� 0.0 (3)

Assays described in Section 2.3. IA values represent the maximal reporter activity as

a fraction of the maximal LPS response for TLR4 or Pam3Cys for TLR2/6. pEC50 and IA

values represent the mean� SEM for the number of experiments in parentheses. NA:

IA<0.2 at 1 mg/ml.
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the lectin preparation; this was the case for all TLR4 active lectins
(data not shown). To strengthen this conclusion further we showed
that PHA-L equivalently stimulated TLR2/6 as well as TLR4, yet LPS
only stimulated TLR4 (see Table 3) hence implying that PHA-L
behaves differently to LPS. Together these results suggest that
PHA-L has no significant LPS contamination and that agonism of
both TLR2/6 and TLR4 is a consequence of PHA-L itself.

3.2. Plant lectins exhibit varied TLR agonist pharmacology

Based on the identification of PHA-L as a TLR4 agonist, we
thought it would be interesting to explore this finding further by
examining the effects of different lectins on a range of TLRs.
Therefore we selected a small representative set of lectins with
different oligosaccharide recognition motifs and tested them for
agonism using a suite of human TLR NF-kB reporter assays run in
comparison to the cognate native ligand for each receptor. The data
summarised in Table 4 shows a number of interesting findings, first
of all, none of the lectins stimulated parental cell reporter activity
and secondly they generally stimulated external (2/6, 4 and 5)
compared with internal TLRs (3, 7, 8 and 9). This indicates that
lectins are unable to activate NF-kB per se and that extracellular
TLRs are more amenable to lectin interaction than endosomal ones.

Intriguingly PHA-L significantly stimulated all the extracellular
TLRs, yet other lectins like SBA and PNA, only activated TLR4. In
contrast AIL was inactive in all the cell reporter assays tested,
whilst WGA was the most promiscuous in that it activated all the
TLR assays except 3 and 4. ConA only activated the TLR2/6 cell
assay. Overall the patterns of TLR activation by different lectins
varied from complete inactivity (i.e., AIL) to selectivity for one TLR
(for example, SBA) to near pan stimulation across the board by
WGA. From a TLR perspective, all TLRs were stimulated by at least
one lectin except for TLR3, which only showed activation due to its
cognate polynucleotide agonist, poly(I:C).

3.3. PHA-L cannot activate intracellular TLR8 even when expressed on

the cell surface

One surprising finding was that only WGA activated cells
expressing certain endosomal TLRs, i.e., 7, 8 and 9. Interestingly
Table 2
Effect of polymyxin B on the stimulation of TLR4 NF-kB cell reporter activity by

PHA-L, LPS and TNFa.

Ligand TLR4 TLR4 + PMB

pEC50 IA pEC50 IA

LPS 8.0�0.0 (94) 1.0 NA (4)

PHA-L 6.1�0.3 (6) 0.8�0.1 (6) 6.0� 0.1 (3) 0.5�0.1 (3)

TNFa 10.1�0.0 (3) 1.7�0.0 (3) 10.4�0.1 (4) 1.3�0.1 (4)

Assays described in Section 2.3. IA values represent the maximal reporter activity as

a fraction of the maximal LPS response. pEC50 and IA values represent the

mean� SEM for the number of experiments in parentheses. NA: IA< 0.2 at 1 mg/ml.
some lectins are able to enter cells and WGA has been shown to
accumulate in acidic endosomes, the same locations as the
intracellular TLRs [15]. This suggests that WGA is able to access
these TLRs to potentially activate them; further work using
labelled WGA would be required to confirm this. The activation of
intracellular TLRs by WGA was selective in that TLR3 was not
activated, suggesting a specific TLR interaction rather than a gross
effect on endosomal environment.

To explore the effect of TLR cellular location on activation by
lectins, we tested a lectin that was unable to stimulate an
intracellular TLR, for example, PHA-L on TLR8 (see Table 4), for
agonism of chimeric TLR8/4 that consisted of an extracellular TLR8
domain fused to an intracellular TLR4 domain to ensure plasma
membrane receptor expression. Table 5 shows that TLR8/4 exhibits
the same pharmacology for the standard TLR8 agonist (3M 002) as
the normal endosomally expressed TLR8 and was unresponsive to
LPS. PHA-L exhibited no agonism of TLR8/4 or TLR8, suggesting it
was unable to activate TLR8 even when the receptor was more
accessible on the cell surface, suggesting that even if PHA-L did
gain access to the cytosol it would still be unable to activate the
receptor.

3.4. PHA-L is an agonist of native extracellular TLR function

At this stage we had clearly demonstrated that some plant
lectins are TLR agonists using a suite of recombinant receptor NF-
kB cell reporter assays, but would this finding translate directly
into native, primary cell function?

To answer this question we focused on our most potent
interaction, PHA-L with TLR4. PHA-L is a potent T cell mitogen, so
we were unable to use T-cell containing preparations like PBMCs as
this would make interpretation very difficult; indeed mitogen
(PHA and OKT3) driven TNFa production by PBMCs is known to be
dependent on T-cell activation [16]. Therefore we used purified
human monocytes and measured PHA-L-driven TNFa production
as this cell type is known to express functional TLR2, 4 and 5
receptors and to predominantly produce TNFa in response to
ligands to these TLRs, like lipoteichoic acid (TLR2), LPS (TLR4) and
flagellin (TLR5) [17]. As expected LPS was a highly potent and
efficacious stimulant of TNFa production, whilst PHA-L was
significantly weaker (see Table 6), such that the overall ranking of
potency and efficacy of ligands between reporter and monocyte
assay was conserved.

4. Discussion

Plant lectins are routinely used in general biochemistry, cell
biology and immunology, as well as for diagnostic, immunomod-
ulatory and therapeutic purposes, especially in oncology and
infection. Indeed companies have pursued recombinant lectin-
based approaches for treating cancer, for example, lectin ATL-104
(Alizyme) for mucositis and CY-503 for metastatic melanoma
(Cytavis) are currently in Phase II. The two main challenges for



Table 4
Comparison of how different plant lectins affect a suite of TLR NF-kB cell reporter activities.

Lectin (recognition motifs) TLR NF-kB reporter pEC50 and (IA)

Parental 2/6a 4a 5a 3 7 8 9

PHA-L (NaC-Glc) NA 5.4�0.2

(0.5�0.0)

6.1� 0.3

(0.7�0.0)

4.8�0.2

(0.3� 0.1)

NA NA NA NA

WGA (NaC-Glc/SA) NA 5.7�0.1

(0.5�0.0)

NA 5.7�0.5

(0.6� 0.0)

NA 6.0�0.2

(0.2� 0.0)

6.2� 0.1

(0.7�0.1)

5.6�0.1

(0.5� 0.1)

SBA (Gal/Gal/NaC-Gal) NA NA 5.4� 0.5

(1.4�0.0)

NA NA NA NA NA

PNA (Gal/NaC-Gal) NA NA 5.3� 0.3

(1.2�0.3)

NA NA NA NA NA

AIL (Gal/NaC-Gal) NA NA NA NA NA NA NA NA

ConA (Glc/Man) NA 5.4�0.0 (0.3� 0.0) NA NA NA NA NA NA

Assays described in Section 2.3. pEC50 and IA values represent the mean� SEM from at least three experiments. NA: not active if IA<0.2 at 30 mg/ml. IA values represent the

maximal reporter activity as a fraction of the maximal LPS response for TLR4 or TNFa for parental cell assay or Pam3Cys for TLR2/6 or Poly(I:C) for TLR3, flagellin for TLR5, R848 for

TLR7, 3M 002 (CL 075) for TLR8 and CpG-B for TLR9. NaC-Glc: N-acetylglucosamine; SA: sialic acid; Gal: galactose; NaC-Gal: N-acetylgalactosamine; Man: mannose.
a TLRs located on the plasma membrane.
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lectin-based drugs are selectivity and cytotoxicity, as well as a
greater understanding of their therapeutic mechanism of action [18].

In going some way to deepen our immunomodulatory
knowledge of lectin selectivity and mechanism, we report the
novel finding that certain plant lectins exhibit specific patterns of
human TLR stimulation, suggesting that the innate immune
system can detect and respond to certain lectins (see Fig. 1 and
Table 4). The specificity of this TLR stimulation was shown by the
inactivity of PHA lectins in a control cell assay in which no TLR was
expressed (see Table 1) and that the stimulation of TLR4 was not
due to LPS contaminating the lectin preparations. Concentration–
response curves had similar slopes to LPS, suggesting a similar
mode of agonism and receptor interaction; indeed it would be
interesting to see how combinations of LPS and PHA-L affected the
TLR4 activation profile. One likely explanation for this pattern of
lectin TLR pharmacology is that each TLR-type is decorated
differently with carbohydrate motifs such that interaction with an
appropriate lectin leads to selective receptor activation. Indeed
lectins could potentially work through promotion of TLR dimer-
isation in a similar manner to PHA promotion of TCR-CD3 cross-
linking required for polyclonal T cell activation [19].

The specificity of lectin activation of TLRs was further
strengthened by the finding that all lectins tested showed no
activity in the parental line so precluding activation of endogenous
receptors linked to NF-kB, like TNFa-R1. Importantly differences in
agonist response between TLR assays assumes comparable levels
of TLR expression and gene reporter coupling in each assay; this
assumption was supported by a similar absolute efficacy for TNFa
in all cell lines and a robust response to each TLR’s cognate agonist.
Using the established oligosaccharide recognition properties of the
different lectins an emerging relationship between recognition
motifs and TLR response patterns can be identified (see Table 4).
Mannose-binding lectin ConA preferred TLR2/6, a finding that
could be further strengthened by testing other members of this
lectin class such as lentil lectin (Lens culinaris) and snowdrop lectin
Table 5
Effect of PHA-L on TLR8 and TLR8/4 chimera NF-kB cell reporter activity.

Ligand TLR4 TLR8 TLR8/4

pEC50 IA pEC50 IA pEC50 IA

LPS 8.0� 0.0 (94) 1.0 (94) NA (4) NA (5)

PHA-L 6.1� 0.3 (6) 0.7�0.1 (6) NA (4) NA (3)

3M 002 NA (5) 5.9�0.2 (6) 1 (6) 5.9�0.3 (3) 1.0 (3)

Assays described in Section 2.3. pEC50 and IA values represent the mean� SEM for

the number of experiments in parentheses. NA for 3M 002: IA< 0.05 at 50 mM. pEC50

(3M 002): �log10{EC50 [3M 002] (M)}. NA for LPS: IA<0.2 at 1 mg/ml.
(Galanthus nivalis). In contrast galactose/N-acetylgalactosamine
preferring lectins PNA and SBA only stimulated TLR4 with maximal
efficacy better than LPS, yet AIL, a similar lectin, was surprisingly
inactive against TLR4. As PNA, SBA and AIL all bind to glycoproteins
via a similar oligosaccharide motif, the TLR4 inactivity of AIL would
suggest that AIL may bind TLR4 in a similar manner to PNA and
SBA, and therefore may be likely to behave as an antagonist. The
broader effects on the TLR panel of the only sialic acid recognizing
lectin tested, WGA, suggest that SA expression may be common to
most TLRs and also provide access to activate intracellular TLRs.
Indeed this profiling exercise could be expanded to include more
members of the plant lectin family to both consolidate and expand
the current limited picture of lectin TLR pharmacology, for
example, testing members of the remaining major lectin families,
i.e., fucose (Ulex europaeus agglutinin) and N-acetylneuraminic
acid (Elderberry lectin) recognition motifs.

TLR4 is a complex of three proteins, CD14/LBP, MD2 and TLR4,
all required for LPS to signal [20,21]. We do not know which of
these proteins or combination of proteins are required for PHA-L to
function, but future co-expression studies would help to identify
the receptor component(s) required. Furthermore, the nature of
the molecular interaction between PHA-L and TLR4 could be
explored in greater detail and more directly by using fluorescently
labelled lectins. This approach could lead to the identification,
specificity, location and kinetics of this interaction and potentially
track the movement of any PHA–TLR complexes. Moreover
fluorescently labelled lectins have been used effectively to detect
and sort cell types as well as define kinetics [22], so by designing a
labelled lectin TLR binding assay a new avenue into screening for
small molecules that interact with TLRs can be pursued. Other
standard lectin biology-based tools could also be applied to gain
greater understanding of this lectin-TLR activation, for example,
demonstrate blockade of lectin activation using known cognate
oligosaccharides and/or modulation of protein glycosylation using
swainsonine [23].
Table 6
Comparison of PHA-L and LPS on TLR4 NF-kB reporter activity and TNFa production

by human monocytes.

Ligand TLR4 NF-kB reporter activity Production of TNFa by mono-

cytes

pEC50 IA pEC50 IA

LPS 8.0�0.0 (94) 1.0 10.0�0.1 (3) 1.0� 0.1(3)

PHA-L 6.1�0.3 (6) 0.7�0.1 (6) 4.6�0.1(3) 0.2� 0.06 (3)

Assays performed as in Section 2.3. pEC50 and IA values represent the mean� SEM

for the number of experiments in parentheses.



Table 7
Comparison of pEC50 values for the effects of PHA-L in different assays.

Lectin pEC50

hrTLR4 agonism Bindinga PBMC stimulationb (maximal

effective concentration)

Monocyte TNFa

PHA-L 6.1 5.5 5.5–6 4.6

a Binding affinity (KD) as described by Majerus and Brodie [25].
b Maximal effective concentration as described by Lis and Sharon [26].
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The 20-fold higher PHA-L potency and 4-fold higher efficacy
observed in recombinant TLR4 compared with monocyte stimula-
tion (see Table 6) may be due to a variety of factors and certainly
warrants further exploration. Importantly monocytes produce the
most TNFa in response to stimulation of either TLR2/6, 4 or 5,
meaning that the TLR(s) that PHA-L stimulates cannot be specifically
defined at this stage. Indeed the lack of selective antagonists of TLR2/
6, 4 and 5 precluded any further work in clearly identifying the
native TLR(s) that PHA-L may stimulate, but testing of more
individual TLR specific lectins, like ConA for TLR2/6 (see Table 4),
may help to further define native TLR activation by lectins. Other
monocytic receptors known to produce TNFa on stimulation are for
interferon-g and granulocyte macrophage colony stimulating factor,
but both maximally produce 10-fold less TNFa compared with TLR2,
4 or 5 [17], so it is less likely that PHA-L is engaging these receptors.

Although LPS serves as a useful standard to measure assay
performance and comparison with the reporter assays, its structure,
valency, mechanism and physicochemical profile is very different to
that of a lectin, so precluding a direct agonist comparison. Indeed LPS
is some 100-fold more potent in the monocyte TNFa assay in
keeping with previous reports of LPS TNFa induction potencies
pEC50 8–10 [24]. This difference in agonism seen between the two
assays is not easily explained without further investigation centered
on the major determinants of classical receptor agonism; i.e., (a)
receptor occupancy, (b) efficacy and (c) receptor number. One
particular consideration for lectins is that there may be cell system
differences in surface expression of oligosaccharides on TLR4, such
that the recombinant receptor assay is a more sensitive to lectin
stimulation than a native receptor functional assay. A comparison of
the known potencies for PHA-L (see Table 7) clearly shows the
relatively low affinity of the monocytic TNFa response compared
with cell binding [25] or PBMC stimulation [26]. Finally with the
advent of agonist texture in receptor function [27] it may be that
PHA-L stimulates a different pattern of cytokines and/or cell
functions to LPS and so a broader assessment of cell functions
should be investigated.

In conclusion the action of PHA-L as a stimulant in classical
PBMC cell functional assays is predominantly due to its more
potent, efficacious and well known action as a T-cell stimulant
(pEC50 �6) rather than as a extracellular TLR agonist (pEC50 4.6);
see Table 7 for comparison. Whether lectin activation of TLRs, like
TCR, occurs through a similar dimerisation or cross-linking process
remains to be discovered. Our observations so far provide a basic
characterization of TLR-lectin pharmacology and further work
remains to be done on extending, exploring and applying these
findings. Plant lectins should now be added to the expanding
repertoire of TLR ligands and so provide useful and versatile probes
to characterize the nature of oligosaccharide surface expression
and function in TLR biology.
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