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Commercially available pokeweed mitogen (PWM) has been reported to activate macrophages, leading to
production of proinflammatory cytokines and nitric oxide (NO). However, we found that polymyxin B (PMB),
a specific inhibitor of endotoxin activity, inhibited the PWM-induced expression of proinflammatory cytokines
and NO and the activation of Toll-like receptor 4 (TLR4). A kinetic-turbidimetric Limulus amebocyte lysate
assay demonstrated that commercial PWM contained substantial endotoxin, over 104 endotoxin units/mg of the
PWM. A PWM repurified by PMB-coupled beads no longer induced the expression of proinflammatory
cytokines, TLR4 activation, or dendritic cell maturation. However, the repurified PWM remained able to
induce proliferation of human lymphocytes, which is a representative characteristic of PWM. These results
suggest that commercial PWM might be contaminated with a large amount of endotoxin, resulting in the
attribution of misleading immunological properties to PWM.
mediates LPS signals (13, 34). Interestingly, all of the aforementioned biological activities seem to be shared with those of
the bacterial endotoxin LPS.
In the present study, we examined whether the previous
results showing the activation of murine macrophages could be
due to endotoxin contamination. Our results demonstrate that
commercially available PWM contains a significant amount of
endotoxin, which induces the activation of murine macrophages and the maturation of human dendritic cells (DC).

Pokeweed mitogen (PWM), a lectin with mitogenic activities, is
obtained as a crude extract from roots of pokeweed, Phytolacca
americana. For several decades, PWM has been investigated as a
therapeutic agent for cancer treatment in animal models, most
commonly in rodents, cats, and dogs (33). In addition to the
therapeutic application, PWM is widely used in various in vitro
assays related to lymphocyte proliferation along with concanavalin A (ConA) and phytohemagglutinin (PHA). In contrast to
ConA and PHA, with typical T-cell mitogenicity, PWM can trigger nonspecific mitosis of both T and B lymphocytes in humans
and rodents (10, 12, 32). Moreover, PWM has the ability to
induce polyclonal immunoglobulin production in human lymphocytes, while lipopolysaccharide (LPS) is mitogenic to murine (but
not human) B lymphocytes (2). For this reason, PWM occupies
an important spot in basic research and has been used in a number of clinical studies to examine functional activation and proliferation of human lymphocytes.
Besides mitogenic activities on B and T lymphocytes, PWM
activates innate immunity, which influences the subsequent
development of adaptive immunity. Macrophage-depleted human peripheral blood mononuclear cells (PBMC) were unresponsive to PWM (24). In murine macrophages, PWM induced
expression of proinflammatory cytokines, including interleukin-1 (IL-1), IL-6, and tumor necrosis factor alpha (TNF-␣)
(15). It also promoted the expression of inducible nitric oxide
synthase (iNOS) and nitric oxide (NO) production (14). The
expression of proinflammatory cytokines and iNOS is likely
due to the activation of cytosolic NF-B/Rel, which mainly

MATERIALS AND METHODS
Reagents and chemicals. PWMs were obtained from two different manufacturers, Sigma-Aldrich (St. Louis, Missouri) and Biochrom AG (Berlin, Germany). LPS, PHA, and proteinase K were obtained from Sigma-Aldrich. Antibodies used for flow-cytometric analysis were purchased from BD Biosciences
(San Diego, California) unless otherwise indicated.
Culture of RAW 264.7 cell line. A mouse macrophage cell line, RAW 264.7
(TIB-71), was purchased from the American Type Culture Collection (Manassas,
Virginia). The cells were cultured in Dulbecco’s modified Eagle’s medium (Cellgro Mediatech, Herndon, Virginia) supplemented with 10% fetal bovine serum
(HyClone, Logan, Utah), 100 U/ml of penicillin, and 100 g/ml streptomycin at
37°C in 5% CO2 in a humidified incubator.
Determination of TNF-␣ and IL-6. The amounts of TNF-␣ and IL-6 in the
culture supernatant were determined with enzyme-linked immunosorbent assay
(ELISA) kits (BD OptEIA ELISA; BD Biosciences), according to the manufacturer’s protocol.
Analysis of human DC maturation. Immature DC (iDC) were prepared as
described previously (30). The iDC were stimulated with PWM or LPS for 48 h
in the presence of IL-4 (500 U/ml) and granulocyte-macrophage colony-stimulating factor (800 U/ml), and DC were harvested and stained with phycoerythrinconjugated anti-human CD80 (clone L307.4), fluorescein isothiocyanate-conjugated anti-human CD86 (clone 2331), and allophycocyanin (APC)-conjugated
anti-human CD83 (clone HB15e) for 20 min. DC maturation was examined by
flow cytometry (FACSCalibur; BD Biosciences), and all flow-cytometric data
were analyzed using FlowJo software (Tree Star, San Carlos, California).
Measurement of TLR4 activation. An NF-B reporter cell line, CHO/CD14/
TLR4, coexpressing CD14 and Toll-like receptor 4 (TLR4) was cultured and
used for analyzing the ability of PWM to activate TLR4 as described previously
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RESULTS
The ability of PWM to induce proinflammatory cytokines
was abrogated by PMB. As previously reported, PWM induced
the production of TNF-␣ and IL-6 by RAW 264.7 cells at 1- to
20-g/ml concentrations in a dose-dependent manner (Fig.
1A). Other inflammatory molecules such as IL-1␤ and NO
were also produced under the same condition (data not
shown). Surprisingly, 50 g/ml of PMB, a specific inhibitor of
endotoxin, inhibited both TNF-␣ and IL-6 expression induced
by 5 or 20 g/ml of PWM (Fig. 1B). Such an inhibitory effect
was also observed in the production of IL-1␤ and NO (data not
shown). The results suggest that the inflammatory activity of
commercial PWM might be due to endotoxin contamination.
PWM-activated TLR4 was completely inhibited by PMB.
TLR4 is a representative receptor for bacterial endotoxins (11,
23). Next, we assessed whether PWM is able to activate TLR4
as LPS does using the CHO/CD14/TLR4 cell line, which is an
NF-B-dependent CD25 reporter cell line constitutively expressing CD14 and TLR4. Prior to the exposure to stimulants,
the geometric mean fluorescence intensity (MFI) of CD25 was
3.0. Upon exposure to 0.01, 0.1, and 1 g/ml of the PWM for
16 h, the geometric MFI rose to 5.6, 10.5, and 13.7, respectively
(Fig. 2A). However, 50 g/ml of PMB completely abrogated
the induction of CD25 expression by 0.1, 1, or even 10 g/ml of
PWM (Fig. 2B).

FIG. 1. Induction of proinflammatory cytokines TNF-␣ and IL-6 by
PWM-activated RAW 264.7 cells is inhibited by PMB treatment.
(A) RAW 264.7 cells were stimulated with the indicated concentrations of PWM for 15 h, and supernatants were collected to analyze
TNF-␣ and IL-6 concentrations. (B) RAW 264.7 cells were treated
with 50 g/ml PMB for 1 h and then further incubated with 5 or 20
g/ml PWM for 15 h to quantitatively examine the concentrations of
TNF-␣ and IL-6. LPS was used as a control to confirm the inhibitory
effect of PMB. Error bars indicate standard deviations.

LPS is a heat-stable molecule, whereas proteins are susceptible to heat treatment, leading to denaturation (6, 20, 21). To
test the possibility that proteinaceous components in the PWM
preparation induced TLR4 activation, we boiled PWM for 10
min prior to stimulation of CHO/CD14/TLR4. In contrast to
PMB treatment, heat treatment did not alter the ability of
PWM to induce TLR4 activation (Fig. 2C). Furthermore, proteinase K treatment did not reduce the ability of the PWM to
induce TLR4 activation (Fig. 2D). Collectively, these results
suggest that significant amounts of endotoxin might be contaminated in the commercial PWM preparation, leading to
TLR4 and, further, to NF-B activation.
Commercial PWM contains significant amounts of endotoxin. To obtain direct evidence, we quantified the amounts of
endotoxin in the PWM by LAL assay. Two different lots of
PWM from Sigma-Aldrich (catalogue number L9379, lot numbers 112K7513 and 044K7602) were examined by chromogenic
end point LAL test, and it was observed that the PWM contained large amounts of endotoxins (approximately 7 ⫻ 104
EU/mg of PWM). To more accurately determine endotoxin
content, a kinetic-turbidimetric LAL assay was performed with
PWMs from two unrelated manufacturers, Sigma-Aldrich (catalogue number L9379, lot number 112K7513) and Biochrom
AG (catalogue number M 5060, lot number 0123 H). Both
lots of PWM contained considerable quantities of endotoxins,
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(9). The cell line has the gene encoding membrane CD25 with the human
E-selectin promoter, which has NF-B binding sites.
LAL assay. Two types of Limulus amebocyte lysate (LAL) tests were used for
measuring endotoxins: a chromogenic end point quantitation and a kineticturbidimetric quantitation. The chromogenic end point assay was performed
with commercial test kit QCL-1000 (Cambrex Bio Science Walkersville Inc.,
Walkersville, Maryland) according to the manufacturer’s instructions. LAL-reactive material (LAL-RM) including ␤-D-glucan was false positive in this assay.
For more-specific determination of endotoxin content in the PWM, a kineticturbidimetric test was carried out in the presence or absence of LAL-RM blocker
as previously described (29). Turbidity change was measured by a ELx808IU
microplate reader (Bio-Tek Instruments Inc., Winooski, Vermont) at 340 nm.
The LPS contents were analyzed using endotoxin-measuring software (EndoScan-V; Charles River Endosafe).
Repurification of PWM. Polymyxin B (PMB)-coupled beads (Detoxi-Gel endotoxin-removing gel; Pierce, Rockford, IL) were prepared by washing five times
with 1% sodium deoxycholate and with 0.5 M NaCl to remove nonspecific ionic
interaction and then finally by equilibrating with phosphate-buffered saline. We
mixed an equal volume of the PMB-coupled beads with 1 mg/ml of the SigmaAldrich PWM dissolved in pyrogen-free water and gently shook the solution for
1 h. Then the beads were precipitated by centrifugation at 16,000 ⫻ g for 3 min.
The supernatant was transferred to a new tube, and the same procedures were
repeated six more times. At the end, endotoxin was undetectable in the repurified PWM (RPWM) by the kinetic-turbidimetric LAL test, indicating that endotoxin resides at less than 0.001 endotoxin units (EU)/mg of RPWM.
Analysis of human T-cell division. Human PBMC were labeled with 2 M
carboxyfluoroscein diacetate succinimidyl ester (CFSE; Molecular Probes, Eugene Oregon) for 10 min at room temperature. Labeling was quenched by
addition of ice-cold phosphate-buffered saline. Cells were washed and resuspended in complete RPMI 1640 medium at 1 ⫻ 106 cells/ml. CFSE-labeled cells
were cultured in a 96-well plate with appropriate mitogenic stimuli. After 6 days,
cells were harvested and stained with APC-conjugated anti-human CD3 antibody
in ice for 30 min and then washed and analyzed by flow cytometry.
Proteinase K treatment. PWM or repurified PWM was incubated with proteinase K (100 g/ml) at 37°C for 60 min in a buffer containing 10 mM Tris-HCl,
5 mM EDTA, and 50 mM NaCl (pH 8.0). At the end of incubation, this enzyme
was inactivated by heating at 75°C for 20 min.
Statistical analysis. The mean ⫾ standard deviation was determined for each
treatment group; values were compared (with appropriate controls) to find
significant differences (P ⬍ 0.05) using a two-tailed t test.
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FIG. 2. The mode of action of PWM mimics LPS. CHO/CD14/
TLR4 cells were incubated for 16 h with (A) PWM (0, 0.01, 0.1, or 1
g/ml), (B) 0, 0.1, 1 or 10 g/ml PWM in the presence of 50 g/ml
PMB, (C) PWM or heat-treated PWM (1 g/ml), and (D) PWM or
proteinase K-treated PWM (1 g/ml). TLR4-dependent NF-B activation was determined by flow-cytometric analysis of CD25.

7.1 ⫻ 104 and 1.6 ⫻ 104 EU/mg of PWM, respectively (Table
1). Notably, 100 pg/ml (equivalent to approximately 2 EU/ml
of the endotoxins used in this assay) is the minimum concentration of LPS that sufficiently activates macrophages (7). Although the LAL assay is relatively specific for detection of
endotoxins, nonendotoxin molecules, so-called LAL-RM, such
as ␤-D-glucan cause false-positive results in the assay. To de-

TABLE 1. Quantification of endotoxin in commercially available
PWM by a kinetic-turbidimetric LAL analysisa
Amt of endotoxin (EU/mg of PWM) with
PWM from:
Assay condition

Without LAL-RM blockers
With LAL-RM blockers

Sigma-Aldrich
(L9379, 112K7513)

Biochrom AG
(M 5060, 0123 H)

7.1 ⫻ 104
6.7 ⫻ 104

1.6 ⫻ 104
1.6 ⫻ 104

a
PWMs from Sigma-Aldrich and Biochrom AG were dissolved in endotoxinfree water and mixed with Limulus amebocyte lysate dissolved in endotoxin-free
water or endotoxin-specific buffer containing LAL-RM blockers. Turbidity
change was measured at 340 nm, with incubation of the reaction mixture at 37°C.
An LPS from E. coli O55:B5 was used as a reference endotoxin standard.

termine whether LAL-positive data resulted from the existence
of endotoxins or LAL-RM, we carried out the kinetic-turbidimetric LAL assay with LAL-RM blocker (i.e., endotoxin-specific [ES] buffer). The amounts of endotoxins determined by
the LAL assay were similar with or without ES buffer (Table
1). These results indicate that commercial PWM has endotoxin
contaminants that are capable of significantly influencing the
biological activities of PWM.
RPWM was unable to induce proinflammatory cytokines or
TLR4 activation. To further test whether inflammatory activity
and TLR4 activation were solely due to the LPS contaminants,
we repurified the PWM by removal of endotoxin using repeated application of PMB-coupled beads. After repurification, LPS was undetectable in the RPWM by LAL test. The
RPWM at 5- and 20-g/ml concentrations lost the ability to
stimulate RAW 264.7 cells for the induction of TNF-␣ and
IL-6 expression (Fig. 3A). Likewise, neither IL-1 nor NO was
expressed by the RPWM (data not shown). Concomitantly
with the abrogated expression of proinflammatory cytokines,
the RPWM was incapable of inducing TLR4 activation (Fig.
3B). These results suggest that LPS might be a major biologically active contaminant in commercial PWM, resulting in the
induction of proinflammatory cytokines and TLR4 activation.
Maturation of human DC was induced by commercial PWM
but not by RPWM. Next, we examined whether the LPS contaminant in PWM causes LPS-mediated biological properties
such as the induction of human DC maturation. Flow cytom-
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FIG. 3. RPWM induces neither the expression of proinflammatory
cytokines TNF-␣ and IL-6 nor TLR4 activation. RPWM was prepared
by eliminating endotoxin with repeated application of polymyxin Bcoupled beads. (A) RAW 264.7 cells were stimulated with 0, 5, or 20
g/ml of PWM or RPWM for 15 h, and supernatants were analyzed for
TNF-␣ and IL-6. (B) CHO/CD14/TLR4 cells were stimulated with 0,
1, 5, or 25 g/ml of PWM or RPWM for 16 h. TLR4-dependent NF-B
activation was determined by flow-cytometric analysis of CD25.
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etry showed that 0.01 to 1 g/ml of commercial PWM induced
the expression of CD80, CD83, and CD86, all of which are
phenotypic markers representing DC maturation, in a dosedependent manner (Fig. 4A). However, RPWM could not induce their expression, even at a 5-g/ml concentration (Fig.
4B). These results imply that endotoxin impurity, but not
PWM itself, is able to induce human DC maturation.
RPWM was capable of inducing proliferation of human
lymphocytes. We could not exclude the possibility that RPWM
lost its ability to induce LPS-like activities because of loss of
biological activity during the repurification process. Since
PWM induces proliferation of human lymphocytes, we examined the mitogenic activity of the RPWM to see if it was altered
during repurification. The RPWM could successfully induce
the proliferation of human CD3-positive cells at 5 g/ml as the
original PWM did (Fig. 5). However, proteinase K treatment
eliminated the mitogenic property of the RPWM. These results imply that biologically active components in PWM are
proteins which are not removed by PMB-coupled beads.
DISCUSSION
A potential for contaminating biological products in purified
toxins and mitogens derived from plants has not been much
appreciated. Here, we demonstrated that commercially available PWM is contaminated with substantial amounts of endotoxin, which is responsible for the secretion of proinflamma-

FIG. 5. RPWM does not lose the ability to induce proliferation of
human lymphocytes. Human PBMC were labeled with 2 M of CFSE
fluorescence dye for 10 min and then stimulated with PWM (5 g/ml),
RPWM (5 g/ml), proteinase K (control), proteinase K-treated
RPWM (5 g/ml), or PHA (0.5 g/ml) for 6 days. At the end of
incubation, the cells were stained with APC-labeled anti-CD3 antibody
and cell division was examined by measuring FL-1 fluorescence intensity of CD3-positive cells with flow-cytometric analysis.

tory cytokines and NO production. It is unlikely that molecules
other than endotoxin in the PWM preparation contributed to
the proinflammatory activities because of the following reasons: (i) PMB is highly specific to lipid A, a key moiety of LPS
structure, to the extent that PMB did not antagonize the proinflammatory activity of lipoteichoic acid (LTA), which is structurally analogous to LPS (8, 9, 25); (ii) boiling did not alter the
ability of PWM to induce TLR4 activation; (iii) significant
quantities of endotoxins were detected in the PWM preparation by the LAL assay, which is unrelated to PMB inhibitory
assay (1, 19); (iv) the endotoxin content was not altered in the
presence of an inhibitor that blocks the LAL-RM, the only
known molecule capable of bringing a positive result in the
LAL test (16, 26); (v) endotoxin was detected in the PWMs
with three different lot numbers obtained from two unrelated
manufacturers.
It would be of interest to speculate on the possible origin of the
contaminant, particularly given the fact that PWM is extracted
from plants, which do not express endotoxins, as gram-negative
bacteria do. One possibility is gram-negative nitrogen-fixing bacteria which have a symbiotic relationship with legume plants such
as Phytolacca americana by localizing within the swollen nodules
of the roots. On the other hand, endotoxins are frequent contam-
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FIG. 4. PWM, but not RPWM, induces human DC maturation.
Immature DC derived from CD14⫹ monocytes of human PBMC were
incubated with the indicated concentrations of (A) PWM or
(B) RPWM for 48 h. Then, the expression of CD80, CD83, and CD86
was determined by flow cytometry. Data represent the means ⫾ standard deviations of the geometric mean fluorescence intensity.
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inants of various biochemical preparations because gram-negative
bacteria are ubiquitous and endotoxins are very stable in nature.
Commercial preparations of ovalbumin and lactoferrin were
found to be highly contaminated with an endotoxin (4, 31), which
may not be surprising because both substances have high affinity
to endotoxin (5, 22). Furthermore, commercial preparations of
LTA also turned out to contain endotoxins (8). This was an
unanticipated finding because gram-positive bacteria do not express LPS. Although we were not able to find the source of PWM
contaminants in this study, incomplete purification methods may
be primarily responsible for endotoxin contamination of the
PWM preparation.
Residual impurities often distort results and bring unnecessary debate. For example, LPS, which is widely used in laboratory research, had been believed to activate both TLR2 and
TLR4 (3, 11, 17) until it was verified that repurification of LPS
using phenol extraction eliminated signaling through TLR2
(27). Furthermore, two lipoproteins known as representative
TLR2 activators were identified in the commercial LPS preparation from Escherichia coli K-12 LCD25 (18). More recently,
TLR2-dependent bacterial sensing turned out to occur not via
peptidoglycan (PGN) recognition but via LTA which was introduced during the PGN purification (28). In the same context, the results of the present study showed that commercially
available PWM is contaminated with large amounts of the
endotoxins that are associated with false or misleading immunological properties that have been attributed to PWM. Our
results and those of others suggest that purification procedures
must be considered with great care and sufficient confirmative
experiments must be performed to understand genuine biological properties of immunogenic molecules.

313

