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Abstract

This technical report addresses the problem of endotoxin contamination of apolipoprotein 

reagents. Using a bromodeoxyuridine incorporation cell proliferation assay, we observed that 

human plasma ApoA-I as low as 1 μg/ml resulted in a >90% inhibition in macrophage 

proliferation. However, not all ApoA-I from different sources showed this effect. We considered 

the possibility that endotoxin contamination of the apolipoproteins contributed to the differential 

inhibition of macrophage cell proliferation. Endotoxin alone very potently inhibited macrophage 

proliferation (0.1 ng/ml inhibited macrophage proliferation >90%). Measurement of endotoxin 

levels in the apolipoprotein products, including an analysis of free versus total endotoxin, the latter 

which included endotoxin that was masked due to binding to protein, suggested that free 

endotoxin mediated inhibition of macrophage proliferation. Despite the use of an advanced 

endotoxin removal procedure and agents commonly used to inhibit endotoxin action, the potency 

of endotoxin precluded successful elimination of endotoxin effect. Our findings show that 

endotoxin contamination can significantly influence apparent apolipoprotein-mediated cell effects 

(or effects of any other biological products), especially when these products are tested on highly 

endotoxin-sensitive cells, such as macrophages.
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Investigators employ many biological agents such as cytokines, hormones, and in our case, 

apolipoproteins, during research investigations. We were interested to study the effect of 
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apolipoprotein (Apo)A-I on macrophage biology. ApoA-I is the major protein component of 

high-density lipoprotein, the plasma lipoprotein that is considered to be atheroprotective, in 

part, by mediating mobilization of excess cholesterol from tissues. Biological effects are 

often attributed to the factor under study (in our case, ApoA-I) with the assumption that the 

factor is of sufficient purity that only the factor could mediate the biological effect under 

study. However, endotoxin contamination of reagents is a potentially significant problem 

that can lead to erroneous conclusions in experiments. This is because endotoxin itself has 

many effects on cell functions such as activating cells and stimulating release of cellular 

cytokines. Many cell types are susceptible to endotoxin effects. These cell types include 

macrophages, neutrophils, dendritic cells, lymphocytes, hepatocytes, endothelial cells, 

platelets and others.1

In this technical report, we describe our experience with endotoxin contamination of 

apolipoprotein reagents as a potential problem in the study of the effects of apolipoproteins 

and other agents on macrophage biology.

Materials and Methods

See supplemental data.

Results

During initial experiments meant to test the effect of ApoA-I (human plasma ApoA-I 

obtained from Company A) on macrophage cholesterol metabolism, we observed that 

ApoA-I treated macrophages became round and that macrophage cultures were less dense 

than control cultures (Supplemental Figure 1). Sometimes some cell detachment occurred. 

The detached cells were >90% viable by trypan blue dye exclusion assay. However, the 

consistent decrease in cell density suggested that ApoA-I was possibly inhibiting 

macrophage proliferation. To examine this possibility, we examined the effect of this ApoA-

I on macrophage proliferation by monitoring BrdU incorporation into the total cells, both 

attached and non-adherent. The results showed that Company A ApoA-I indeed did inhibit 

macrophage proliferation by 80% (Figure 1A). Company A ApoA-II did not inhibit 

macrophage proliferation (Figure 1B), while Company A ApoA-IV also inhibited 

macrophage proliferation by 80% (Figure 1C).

Next we wanted to confirm that ApoA-I obtained from other sources would also show 

inhibition of macrophage proliferation. E. coli bacterial recombinant ApoA-I obtained from 

Company B but not HEC 293 human cell-derived recombinant ApoA-I obtained from 

Company C inhibited macrophage proliferation (Supplemental Figure 2). Given that the 

bacterial-derived recombinant could be contaminated with endotoxin from the bacteria, we 

considered the possibility that the inhibitory effect of the ApoA-I preparations could be due 

to contaminating endotoxin. We directly tested this possibility by incubating the 

macrophage cultures with one of two different purified endotoxins, E. coli 0111:B4 and 

055:B5 (Supplemental Figure 3). Both endotoxins were potent inhibitors of macrophage 

proliferation: 75% inhibition at 0.01 ng/ml and nearly 100% inhibition at 0.1 ng/ml.
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This prompted us to examine the endotoxin contents of the various apolipoproteins. One 

complicating factor was that ApoA-I can bind endotoxin under certain conditions and this 

could mask endotoxin activity.2–5 However, the degree of this interaction would be 

uncertain in each apolipoprotein preparation. Thus, we measured total endotoxin activity 

following protease treatment of the ApoA-I in order to eliminate any potential endotoxin 

inhibition by ApoA-I. Endotoxin levels in the different apolipoprotein preparations showed 

a large variation (Table 1). Company A ApoA-II had the lowest endotoxin level (0.01 

EU/μg) and this preparation as described above did not inhibit macrophage proliferation. 

Company A ApoA-I endotoxin levels for digested (i.e., total) and undigested (i.e., 

potentially masked) were 1.63 and 0.46 EU/μg, indicating that endotoxin in this ApoA-I 

preparation was partially inhibited by its protein content. On the other hand, Company C 

HEC 293 human cell-derived recombinant ApoA-I showed a digested endotoxin 

concentration of 1.31 EU/μg, but no endotoxin was detected in the undigested sample 

suggesting that some protein component (not necessarily just ApoA-I as discussed below) in 

this preparation completely masked endotoxin activity. Consistent with the lack of 

endotoxin activity, this ApoA-I preparation did not inhibit macrophage proliferation. The 

level of endotoxin in Company B ApoA-I was very high, some 15-times that of any of the 

other apolipoprotein product, likely due to the bacterial origin of this recombinant ApoA-I.

To further implicate endotoxin as the responsible agent mediating inhibition of macrophage 

proliferation and to eliminate its effect, we employed the following strategies: we reduced 

the endotoxin level in Company A ApoA-I by repetitive treatments with EndoBind-RTM (an 

affinity chromatography media utilizing a peptide comprising the sushi 3 domain of 

horseshoe crab Factor C that binds endotoxin6); we utilized polymyxin B, a cationic cyclic 

antibiotic peptide that binds and inactivates endotoxin7; and we employed the endotoxin 

antagonist, lipid IVa (a precursor to and antagonist of the lipid A component of 

endotoxin8, 9). All these approaches to minimizing endotoxin activity decreased but failed to 

eliminate the endotoxin effect on macrophage proliferation (Supplemental Figures 4-7).

Discussion

Research investigation often depends on the use of reagents that investigators assume are 

free of contaminating endotoxin. This bacterial product has many biological effects that can 

confound interpretations of experimental results.10–13 In the worst case, investigators 

wrongly attribute a biological effect to an agent under investigation rather than recognizing 

that the effect is due to contaminating endotoxin. Macrophages are a particularly sensitive 

cell type with respect to endotoxin stimulation. We have found that endotoxin contamination 

of apolipoproteins obtained from various commercial sources was responsible for potent 

inhibition of macrophage proliferation. Endotoxin was previously shown to inhibit 

proliferation of mouse macrophages, and as we observed here, this effect also occurs with 

human macrophages.14–17

Endotoxin can contaminate any reagent. Because of the extreme potency of endotoxin (sub 

ng/ml concentrations can be active), even seemingly low levels may be sufficient to 

stimulate biological responses. Reagent products labeled as endotoxin-free may only mean 

that the endotoxin level was below the threshold level of detection for the assay used to 
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quantify endotoxin. Even if endotoxin is substantially removed from a reagent product, it 

can be reintroduced during downstream processing and packaging of the product. Thus, it 

would be prudent that investigators always consider that the results they observe could be 

due to contaminating endotoxin. However, it is likely that endotoxin contamination of 

reagents continues to compromise many research investigations.

One approach to examine for endotoxin effects is to check whether the reagents from 

different sources give the same results. Another approach is to try to reduce any endotoxin 

that may be present in the reagent being tested as we did in our study using EndoBind-RTM. 

Unfortunately, no endotoxin reduction procedure can eliminate endotoxin, and their success 

depends on how much endotoxin must be removed. For example, in our study, despite an 

80-fold reduction in endotoxin level to a seemingly low level of 0.002 ng endotoxin/ml, 

some inhibition of macrophage proliferation still occurred because of the potency of 

endotoxin. Lastly, endotoxin contamination can be neutralized with reagents (e.g., 

polymyxin B) that bind to the endotoxin. However, as we show here, this approach also 

failed to eliminate the endotoxin effect.

Since the 1970’s, the vast majority of endotoxin detection has been done using the Limulus 

amebocyte lysate assay, although recently other assays have been introduced. However, all 

of the available assays are limited by endotoxin masking. Endotoxin is an amphipathic 

molecule with a net negative charge known to bind to many common proteins. Under certain 

conditions, ApoA-I and other amphipathic peptides bind endotoxin and block its biological 

action.18–22 Thus, the effect on macrophage proliferation could be the net result of the 

amount of endotoxin contaminating the specific ApoA-I preparation tested and the degree of 

ApoA-I binding to the endotoxin that neutralizes its activity. Therefore, we digested the 

ApoA-I reagent with protease and then assayed endotoxin activity to assess the degree of 

masking. Company A ApoA-I showed only partial masking of endotoxin with sufficient 

remaining endotoxin activity to inhibit cell proliferation. On the other hand, the Company C 

ApoA-I preparation completely masked its endotoxin activity, and as a result, this 

preparation did not inhibit cell proliferation. The reason for the difference in the degree of 

endotoxin masking for Company A and Company C ApoA-I preparations may be the 

different source of the ApoA-I. Company A ApoA-I was human plasma-derived, while 

Company C ApoA-I was human cell-derived recombinant ApoA-I. The recombinant ApoA-

I contained a polyhistidine peptide tag, as is commonly the case to facilitate recombinant 

protein purification. In this regard, histidine and histidine-rich peptides bind endotoxin and 

neutralize its biological effects, and probably contributed to the complete masking of 

endotoxin in the Company C ApoA-I preparation. While Company B E. coli-derived 

recombinant ApoA-I also has a polyhistidine tag, the level of endotoxin in this ApoA-I was 

>15-fold higher than Company C human cell-derived ApoA-I, possibly superseding any 

neutralizing effect of the polyhistidine tag in this ApoA-I preparation.

In conclusion, apparent apolipoprotein-mediated cell effects, or effects of any other 

biological products, can be due to endotoxin contamination, especially when these products 

are tested on highly endotoxin-sensitive cells such as macrophages. Investigators should 

routinely consider endotoxin as a possible confounding variable in their studies. However, 
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our findings show that removing or completely neutralizing endotoxin in contaminated 

reagents is not readily achieved.

Materials

RPMI-1640 medium and L-glutamine were obtained from Mediatech (Herndon, VA); fetal 

bovine serum (FBS)(catalog number 16000-036) was from GIBCO (Grand Island, NY); 

CellBIND tissue culture plates were from Corning (Corning, NY); a colorimetric 

bromodeoxyuridine (BrdU) cell proliferation ELISA assay kit (catalog number 

11647229001) was from Roche (Indianapolis, IN); human macrophage-colony stimulating 

factor (M-CSF) and human interleukin-10 (IL-10) were from PeproTech (Rocky Hill, NJ); 

human plasma ApoA-I, ApoA-II, ApoA-IV were from Company A; E. coli recombinant 

ApoA-I was from Company B; HEC 293 human cell-derived recombinant ApoA-I was from 

Company C; lipid A and lipid IVa were from Peptide Institute (Osaka, Japan); polymyxin B, 

E. coli O111:B4 (L4391) and from E. coli O55:B5 (L6529) endotoxins (i.e., 

lipopolysaccharides) were from Sigma (St. Louis, MO); EndoPrep™ and EndoBind-R™ 

endotoxin preparation reagent kits were from BioDtech (Birmingham, AL); PyroGene™ 

endotoxin assay was from Lonza (Allendale, NJ).

Macrophage proliferation assay

Mononuclear cells were obtained from human donors by monocytopheresis and 

subsequently purified using counterflow centrifugal elutriation. Monocytopheresis was 

carried out under a human subjects research protocol approved by a National Institutes of 

Health institutional review board. Cells were seeded in 48-well Cellbind plates containing 

0.4 ml per well at a density of 2 × 105 monocytes/cm2 in RPMI-1640 medium containing 

10% FBS, 2 mM L-glutamine, 50 ng/ml M-CSF and 25 ng/ml IL-10. After 2 days 

incubation at 37°C with 5% CO2/95% air, cells were rinsed three times with 0.5 ml 

RPMI-1640 medium to remove nonadherent cells, and then cultured further with 0.4 ml of 

RPMI-1640 medium containing 10% FBS, 2 mM L-glutamine, 50 ng/ml M-CSF and 25 

ng/ml IL-10. After an additional 3 days in culture, cells were rinsed three times with 0.5 ml 

RPMI-1640 medium, then cultured another day with 0.4 ml of RPMI-1640 medium 

containing 10% FBS, 2 mM L-glutamine, and 50 ng/ml M-CSF but without IL-10. Then, 

experiments were performed with IL-10 and FBS-free RPMI-1640 medium containing 50 

ng/ml M-CSF and the indicated additions. Apolipoproteins were dialyzed against 

RPMI-1640 medium before their addition to incubations. Following 24-hour incubations, 40 

μl/well BrdU labeling solution was added to the wells and the cells were incubated for 24 

hours at 37°C. Cell culture plates were centrifuged at 300 xg for 10 minutes, labeling 

medium was removed, and culture plates were dried for 1 hour. Then, cells were fixed to 

avoid loss of any non-adherent cells. Fixation was carried out for 30 minutes at room 

temperature with 800 μl/well fixative provided with the assay kit. Next, incorporated BrdU 

was detected with anti-BrdU using kit reagents. The substrate product was quantified by 

measuring its absorbance using a scanning multiwell spectrophotometer (Vector2, 

PerkinEImer, Santa Clara, CA).
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Cell proliferation data are presented as the mean ± SEM. Means were determined with five 

replicate wells. An unpaired, two-tailed Student’s t test was used for statistical comparisons. 

A p value = 0.05 was considered significant.

Apolipoprotein EndoPrep™ Digestion and Endotoxin Testing

In some cases, apolipoprotein samples were treated with protease to eliminate possible 

protein inhibition of endotoxin activity. Apolipoprotein samples were diluted to 0.1 mg/ml 

in EndoPrep™ digestion buffer. Then, samples were verified for appropriate pH for 

digestion. 270 μl of each sample was removed to a new tube. 30 μl of EndoPrep™ protease 

solution was added to each tube and vortexed. Samples were incubated in a 37° shaking 

water bath for >120 minutes, then diluted as needed in a neutral buffer.

All samples, both protease-digested and not digested, were tested in triplicate with positive 

product controls (PPC), two sets of standards, blanks, and appropriate controls using the 

PyroGeneTM assay according to the manufacturer’s specifications. Standard curves were 

prepared from the endotoxin standards using both linear and polynomial fitting equations. 

The estimated endotoxin content of each sample was calculated using both of these 

equations. The generation of the standard curves and the determination of endotoxin content 

were performed using Gen5 software associated with the BioTek Synergy2 plate reader.

PPC were prepared by mixing 270 μl of diluted sample post-digestion with 30 μl of the 10 

endotoxin units (EU)/ml standard endotoxin stock provided with the PyroGene™ assay kit. 

Therefore, all PPC values are 1 EU/ml. The percent accuracy of each PPC reaction was 

determined by comparing the results with multiple PPC controls. PPC values from 50-200% 

were considered acceptable.

ApoA-I Detoxification with EndoBind-R™

Experiments were carried out in which we sought to reduce the endotoxin content of human 

plasma ApoA-I in order to learn whether endotoxin was contributing to the cell proliferation 

inhibition we observed with ApoA-I. Samples were prepared by combining vials of ApoA-I 

from Company A for starting material. The total starting material contained 2.3 mg ApoA-I 

in 10 mM NH4HCO3, pH 7.4. The combined solution was diluted to 1 mg/ml in 10 mM 

NaOAc, pH 6.0. Then, the pH was adjusted to pH 5.0 with 1 M HCl, and the molarity was 

adjusted to 400 mM with 5 M NaCl.

Next, a volume of 400 μl EndoBind-R™ was transferred to a microcentrifuge tube and spun 

at 13,000 xg for 2 minutes. The supernatant was removed and the beads washed with 400 μl 

10 mM NaOAc and spun at 13,000 xg for 2 minutes. Then, the supernatant was removed 

and the ApoA-I sample was added to the beads and mixed at room temperature for 60 

minutes. The bead/sample mixture was spun at 13,000 xg for 2 minutes and the supernatant 

was removed to a clean tube. This series of steps was repeated a total of 4 times. After each 

series, a sample was removed and tested in triplicate for protein content using absorbance at 

optical density 280 nm and endotoxin content using a combination of EndoPrep™ digestion 

and PyroGene™ assay.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

• Apolipoproteins may be contaminated with endotoxin

• Endotoxin contamination of apolipoproteins confounds interpretation of 

experimental results

• Endotoxin inhibits macrophage proliferation
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Figure 1. Company A ApoA-I and ApoA-IV inhibited macrophage proliferation, but Company 
A ApoA-II did not
Macrophages were incubated 24 hours in RPMI-1640 medium and 50 ng/ml M-CSF with 

either Company A ApoA-I (A), Company A ApoA-II (B), or Company A ApoA-IV (C) all 

derived from human plasma. Macrophage proliferation during incubations was determined 

by monitoring BrdU incorporation.
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Table 1

Comparison of endotoxin content of different apolipoprotein reagents

source of apolipoprotein digested (EU/μg) undigested (EU/μg) endotoxin in culture 
medium (ng/ml)1

inhibited proliferation

Company A human plasma ApoA-I 1.63 0.46 0.163 yes

Company B E. coli recombinant ApoA-I >20.00 -- >2.000 yes

Company C HEC 293 recombinant ApoA-I 1.31 0.00 0.131 no

Company A human plasma ApoA-II 0.01 -- 0.001 no

Company A human plasma ApoA-IV 0.22 -- 0.022 yes

1
total endotoxin when apolipoprotein was added at a concentration of 1 μg/ml of culture medium. Assumes 1 EU = 0.1 ng endotoxin.

Samples were assayed for endotoxin using the Lonza PyroGene™ assay either without or following protease digestion. Protease treatment allows 
for determination of total endotoxin content including endotoxin whose activity may be masked by associated protein. Under certain conditions, 
ApoA-I can bind endotoxin and neutralize its activity. Without protease treatment, only endotoxin that is freely available to inhibit macrophage 
proliferation would be measured. The endotoxin concentrations of the apolipoprotein preparations that inhibited macrophage proliferation were 
sufficiently high to inhibit macrophage proliferation. Interestingly, Company C ApoA-I did not inhibit macrophage proliferation, presumably 
because its endotoxin content was completely masked (compare protease-digested and -undigested endotoxin levels).

Atherosclerosis. Author manuscript; available in PMC 2016 May 01.


