
Docosahexaenoic acid Counteracts Attenuation of CD95-
induced Cell Death by Inorganic Mercury

Randall Gill1, Lydia Lanni2, K-L Catherine Jen2, Michael J. McCabe Jr3, and Allen 
Rosenspire1,*

1 Department of Immunology and Microbiology, Wayne State University; Detroit MI

2 Department of Nutrition and Food Science, Wayne State University; Detroit MI

3 Department of Environmental Medicine, University of Rochester; Rochester NY

Abstract

In the United States the principal environmental exposure to mercury is through dietary 

consumption of sea food. Although the mechanism by which low levels of mercury affect the 

nervous system is not well established, epidemiological studies suggest that low level exposure of 

pregnant women to dietary mercury can adversely impact cognitive development in their children, 

but that Docosahexaenoic acid (DHA), the most prominent n-polyunsaturated fatty acid (n-PUFA) 

present in fish may counteract negative effects of mercury on the nervous system. Aside from 

effects on the nervous system, epidemiological and animal studies have also suggested that low 

level mercury exposure may be a risk factor for autoimmune disease. However unlike the nervous 

system where a mechanism linking mercury to impaired cognitive development remains elusive, 

we have previously suggested a potential mechanism linking low level mercury exposures to 

immune system dysfunction and autoimmunity. In the immune system it is well established that 

disruption of CD95 mediated apoptosis leads to autoimmune disease. We have previously shown 

in vitro as well as in vivo that in lymphocytes burdened with low levels of mercury, CD95 

mediated cell death is impaired. In this report we now show that DHA counteracts the negative 

effect of mercury on CD95 signaling in T lymphocytes. T cells which have been pre-exposed to 

DHA are able to cleave pro-caspase 3 and efficiently signal programmed cell death through the 

CD95 signaling pathway, whether or not they are burdened with low levels of mercury. Thus 

DHA may lower the risk of autoimmune disease after low level mercury exposures.
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INTRODUCTION

Exposure to high or even moderate levels of mercury is associated with adverse effects in 

humans. At high to moderate cellular burdens, mercury is toxic and damages the nervous 

and immune systems (Gerstner et al., 1977; Clarkson, 1997; Risher et al., 2002). The 

problem is with evaluating the risk of exposure to current low-level environmental sources 

of mercury, in that despite more than 35 years of searching, no clear answer has yet emerged 

as to where the danger point for chronic low level exposure lies (Clarkson et al., 2006). For 

the most part, interest in low-level mercury exposures has centered on the nervous system. 

The current EPA RfD (lowest exposure level that is likely to be without risk of harmful 

effects) for mercury is to a large extent based on data from just two epidemiological studies, 

one in the Faroe Islands, and the other in New Zealand. Both studies found a correlation 

between consumption of sea mammals with high mercury levels and defects in cognitive 

development of children (Budtz-Jorgensen et al., 2000; Crump et al., 1998).

On the other hand a large and ongoing study in the Seychelles where individuals consume 

large amounts of ocean fish, and mercury exposures are similar to the Faroes and New 

Zealand cohorts, has so far generally failed to confirm the Faroes and New Zealand findings 

(Myers et al., 2003; Myers et al., 2009). At the present time it is unclear why the results 

differ, but it has been suggested that in the Seychelles, high levels of dietary n-3 

polyunsaturated fatty acids (n-3 PUFA) found in fish, but not mammals, may serve to 

ameliorate deleterious effects of mercury (Clarkson and Magos, 2006; Strain et al., 2008). 

Although diets high in n-3 PUFA are thought by many to be beneficial, unfortunately it has 

never been directly shown that dietary n-3 PUFA will directly counter any toxic effects 

associated with low-level mercury exposures. Nor is there currently any understanding of a 

mechanism which would support such an interaction between n-3 PUFA and mercury in the 

nervous system.

In recent years, aside from an ongoing concern of the effect of mercury on the nervous 

system, there has been growing interest in the effect of low-level environmental mercury 

exposures on the immune system. The evidence suggests that following low-level exposure 

mercury cooperates with other factors, such as genetic predisposition, exposure to antigens 

and other toxicants, or infection, in order to exacerbate autoimmune diseases (Silbergeld et 

al., 2005). Although as in the nervous system the mechanism has not yet been fully 

elucidated, we have suggested that one way in which mercury may be associated with 

autoimmune disease is through interference with the CD95 signaling pathway. Disruption of 

CD95 signaling is well known to have detrimental pro-inflammatory and autoimmune 

consequences (Strasser et al., 2004; Barreiro et al., 2004; Krueger et al., 2003), and we have 

reported that both in vitro and in vivo, low level exposures to mercury leading to 

environmentally relevant mercury burdens on T cells result in diminished CD95 signaling 

(Whitekus et al., 1999; McCabe, Jr. et al., 2005a; Laiosa et al., 2007). While the targets of 

mercury are not necessarily the same in the immune and nervous systems, we conjectured 

that in general n-3 PUFAs might counter the negative effect of low level Hg in the immune 

system as they seem to do in the nervous system. In particular we hypothesized that the n-3 
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PUFA docosahexaenoic acid (DHA), might affect Hg's ability to interfere with CD95 

signaling.

Materials and Methods

Cell line

The Jurkat human T cells (Clone E6-1) were obtained from the American Type Culture 

Collection (ATCC), Rockville, MD. They were maintained in RPMI 1640 supplemented 

with 10% FBS (Hyclone), 2 mM L-glutamine ( Hyclone) and 1X antibiotic antimycotic 

(Hyclone) at 37°C in humidified atmosphere of 5 % CO2. The cells were passaged twice a 

week.

Anti-CD95 (Fas) killing of Jurkat cells

Jurkat cells were resuspended in complete medium at 2X106 cells per ml. 100 μl of cells 

were added to each well of 96 well tissue culture plates. Anti-Fas activating antibody (Anti-

Fas clone CH11; Millipore) was added to the appropriate wells to final concentrations of 0, 

12.5, 25, 50 or 100 ng/ml. The treated cells were incubated for 2 to 24 hr at 37°C. At the end 

of the incubation period, cell viability was determined using the MTT assay according to the 

manufacturer's instructions. The level of killing was determined as percent of untreated 

cells.

Preparation of DHA-EE complexed BSA

Docosahexaenoic acid ethyl ester (DHA-EE) at a concentration of 500 mg/ml (1.4 M) in 

ethanol was obtained from Cayman Chemical, Ann Arbor, MI. The DHA-EE was diluted to 

4.5 μM with degassed RPMI under N2. An equal volume of fatty acid-free Bovine Serum 

Albumin (BSA; A3803; Sigma) at a concentration of 1.5 μM in degassed DPBS was added 

to the DHA-EE to give a molar ratio of 3:1. The tube was flushed with N2, covered with 

aluminum foil and vortexed for 10 minutes. The DHA-EE/BSA was then incubated for 2 

hours at 37°C. The DHA-EE/BSA was stored at 4°C under N2 until used. The DHA-

EE/BSA was diluted to the desired concentration in complete RPMI medium prior to 

addition to cells.

DHA-EE treatment of cells

Cells at between 2X106 and 1.4X106 cells/ml were treated with DHA-EE/BSA or BSA 

overnight at 37°C. The cells were then treated with dH2O or HgCl2 to a final concentration 

of 5 μM for 10 minutes at 37°C. Following the incubation with HgCl2, 100 μl of cells were 

added to wells of a 96-well tissue culture plate. The cells were then treated with varying 

concentrations anti-CD95 (Anti-Fas clone CH11; Millipore) or DPBS for varying periods of 

time. At the end of the anti-CD95 treatment, cell viability was determined using the MTT 

assay

MTT Assay

At the end of treatment, 25 μl of MTT (5 μg/ml in DPBS) was added to the wells and the 

plate was incubated for 2 hours at 37°C. 100 μl of 10% SDS/0.01 N HCl solution was added 
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to each well and the plate was incubated for 37°C overnight. Absorbance values were 

determined by reading the plate was at 570 nm and 630 nm on a SpectraFluor Plus plate 

reader (Tecan) running Magellan software. The difference between the two wavelengths was 

calculated and used to determine the percent viability.

Caspase-3 Plate Assay

Jurkat cells were resuspended in 10 ml complete medium at 0.62X106 cells per ml. The cells 

were treated DHA-EE complexed to BSA or BSA alone. The cells were then incubated over 

night at 37°C. The cells were then counted and resuspended at 2X106 cells per ml. One ml 

of cells was added to 12X75 mm polystyrene tubes. The cells were treated with HgCl2 to a 

final concentration of 5 μM or ddH2O for 10 minutes at 37°C. Anti-Fas antibody (Millipore) 

was added to the appropriate tubes to a final concentration of 250 ng/ml. Cells were 

incubated for 6 h or 2 h at 37°C. Cells were pelleted and lysed according to the caspase-3 kit 

(Millipore) instructions. The caspase-3 assay was performed according to kit instructions. 

Caspase-3 activity was determined using a SpectraFluor Plus plate reader at 405 nm.

Caspase Activity determination by Flow Cytometry

Jurkat cells were suspended in complete medium at 1.5X106 cells per ml. The cells were 

treated with DHA-EE complexed to BSA or BSA alone at a final concentration of 10 μM 

DHA-EE and then incubated over night at 37°C. The cells were then counted and 

resuspended at 1X106 cells per ml and treated with HgCl2 to a final concentration of 5 μM 

or ddH2O for 10 minutes at 37°C. One ml of cells was added to 12X75 mm polystyrene 

tubes. Anti-Fas antibody (Millipore) was added to the appropriate tubes to a final 

concentration of 100 ng/ml. Cells were incubated for 5 hr. at 37°C. The cells were pelleted 

and carefully resuspended in caspase 3 substrate (PhiPhiLux-G1D2) as described by 

manufacturer (OncoImmunin, Inc.). Briefly, cell pellets were mixed with substrate by 

pipetting and incubated for 1 hour at 37°C. Cells were pelleted and resuspended in dilution 

buffer and analyzed by flow cytometry. Cells were read using a Beckman Coulter Cyan 

ADP flow cytometer. The cells were excited with a 488 nm laser line and detected in the 

FITC channel. Data was analyzed using Summit software, which included a provision for 

the Overton histogram subtraction algorithm (Beckman Coulter).

Statistical Analysis

ANOVA analysis was accomplished utilizing the Kruskal-Wallis One Way Analysis of 

Variance. Statistical significance between population means was established utilizing the 

two-tailed t test embedded in the excel program (Microsoft) assuming an alpha value of 

0.05.

RESULTS

Cell viability is unaffected by exposure to concentrations of DHA-EE below 100 μM in the 
presence or absence of 5 μM Hg2+

We have previously found that under some conditions that high levels of DHA could be 

toxic (Church et al., 2010). In order to assure that this was not the case under the conditions 

employed in these experiments, in figure 1 Jurkat T cells were exposed to 5 μM Hg2+ or 
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vehicle control . After 10 minutes all cells were placed into 96 well culture plates. Two-fold 

serial dilutions of BSA complexed with DHA-EE starting with 200 μM, or BSA alone was 

added to cells which were exposed to mercury, as well as to cells which were not. All cells 

were then cultured overnight and then assayed for viability with the MTT assay. We find 

that in the absence of Hg2+, concentrations of DHA-EE at or below 50 uM have no 

statistically different effect on cell viability from cells which have not been exposed to 

DHA-EE. On the other hand, for concentrations of DHA-EE at or greater than 100 μM, we 

find a dose dependent decrease in cell viability. For cells cultured with concentrations of 

DHA-EE of 50 μM and above, we find a tendency to a slight decrease in viability of cells 

which have also been exposed to Hg2+. However with the exception of cells exposed to 100 

μM DHA-EE, the differences are not statistically significant.

DHA ameliorates mercury's ability to interfere with CD95 mediated cleavage of caspase 3

Activated (cleaved) caspase 3 is a key player in CD95 mediated cell death, and during CD95 

signaling cleavage/activation of caspase 3 normally follows downstream of ligand binding to 

the CD95 receptor (Abbas, 1996). We have previously shown that upon exposure to 

mercury, activation of caspase 3 in T cells is compromised and correlated with a diminished 

ability of CD95 to signal apoptosis (McCabe, Jr. et al., 2005b;McCabe, Jr. et al., 2003a). In 

figure 2 Jurkat T cells were incubated overnight with DHA-EE conjugated BSA (27 μM 

DHA-EE) or DHA-EE free BSA. Cells were then incubated for 10 minutes with or/ without 

5 μM Hg2+. Each of these groups were then in turn treated (or not treated) with anti-CD95 

(50 ng/ml) antibody to activate (or not) CD95/Fas signaling. Cell lysates were then prepared, 

and western blotting for caspase 3 performed with an antibody recognizing intact zymogen 

pro-caspase 3 (arrow) as well as the cleaved/activated forms (bracket). Confirming our 

previous findings, we find that in cells which have not been pretreated with DHA-EE, Hg2+ 

interferes with the ability of CD95 to signal cleavage of caspase 3. However figure 2 also 

shows that in cells which have been pretreated with DHA-EE, CD95 is able to signal 

caspase 3 cleavage in cells which have been burdened with Hg2+.

The qualitative western blot findings in figure 2 were confirmed and expanded upon with a 

quantitative assay for caspase-3 activation. As in figure 2, Jurkat T cells were or were not 

pretreated with DHA-EE and /or Hg2+, after which half of the cells were treated with 

activating anti-CD95. Cells from each of the differentially treated cell populations were 

placed into eight wells of a 96 well plate which was incubated for 5 hours, and then assayed 

for activated caspase 3 using a commercial (Millipore) fluorescence based microtiter plate 

assay. In figure 3 the caspase 3 activity level of anti-CD95 activated cells (in the presence or 

absence of Hg2+ and / or DHA-EE) was compared to untreated cells, and the results 

expressed as percentage increases in caspase 3 activity. We find in agreement with the 

western blotting results in figure 3, that Hg2+ interferes with CD95 mediated induction of 

caspase-3 activation, in that active caspase is reduced by about 30% after exposure to 

mercury. However, this effect of Hg2+ is abrogated in DHA treated cells.
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Flow cytometry provides further insight into the effect of DHA on caspase 3 cleavage in 
mercury burdened T cells

In figure 4, Jurkat T cells were treated with DHA-EE, Hg2+ and anti-CD95 as in figure 3, 

and then again as in figure 3 incubated for 5 hours before being assayed for activated 

caspase 3. However instead of utilizing a microtiter plate assay to measure caspase 3 

activity, cells were incubated with a lipophillic cell permeable fluorogenic substrate 

possessing the DEVDGI target peptide sequence for caspase 3 (Komoriya et al., 2000). 

After substrate incubation, for cells in which an active caspase 3 enzyme was present the 

target peptide sequence was cleaved, releasing the fluorophore that is detectable in the FITC 

channel of the flow cytometer. Histograms representing the (active caspase 3) fluorescence 

of cells which were untreated; cells which have been treated with anti-CD95, cells which 

have been treated with combined anti-CD95 and Hg2+; and cells which have been treated 

with the combination of DHA-EE, Hg2+ and anti-CD95 are presented in figures 4 A-D 

respectively. (The histogram for cells which were treated with DHA-EE alone was obtained, 

and found to be similar to the untreated cells, but is not shown) For each histogram shown, 

the mean fluorescence index (MFI) of the population (defined as the median total FITC 

signal of the histogram) is indicated.

We find that the results are in agreement with those of figure 3. In particular figure 4A 

represents the population distribution of the background signal obtained from untreated 

cells. This signal arises from an assortment of sources, including auto fluorescence, 

nonspecific cleavage of the fluorogenic substrate, as well as the low level of endogenous 

apoptosis inherent in cultured cell populations. Figure 4B represents the distribution of the 

signal obtained from the population of T cells which have been stimulated with anti-CD95. 

While the control histogram (A) contains a single low intensity peak, the histogram for the 

anti-CD95 activated cells (B) depicts a high intensity peak in addition to a low intensity 

peak. The high intensity peak arises as a result of active caspase 3 in CD95 stimulated cells 

and its presence explains the higher MFI attributed to the total stimulated cell population 

(30.00) vs. that attributed to the control population (17.97). We assume that the difference in 

MFI (30.00 - 17.97 = 12.03) between the stimulated and control populations is due to and 

can be taken as a specific measure of CD95 mediated activation of caspase 3.

For cells which have been exposed to Hg prior to activation, we find that after CD95 

mediated stimulation the population is characterized by a single peak with an MFI of 20.99. 

As for figure B, the difference in MFI from control cells (20.99 – 17.97 = 3.02) is taken as a 

measure of caspase 3 activation. In agreement with figure 3, we interpret these results to 

indicate that Hg interferes with, but does not completely block the ability of CD95 to 

stimulate activation of caspase 3. Finally, figure 4D represents the population of cells which 

have been stimulated with anti-CD95 after exposure to both Hg and DHA. Here the 

population is again characterized by a single peak, but with an MFI of 24.03. As the 

difference in MFI from controls (30.00-17.97 = 12.03) is greater than that of figure 4C, we 

interpret this finding to support the results of figure 3 showing that DHA ameliorates 

mercury's ability to interfere with CD95 mediated cleavage of caspase 3.
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Although by comparing the MFIs of differently treated cell populations, the flow cytometer 

can be used interchangeably with an ELISA plate assay to determine changes in caspase 3 

activation on a population level, (as the caspase 3 plate assay does essentially the same 

thing), the real power of the instrument in this application lies in its ability to determine 

caspase activation differences on a cellular level. For instance, consider figure 4A 

representing the population distribution of the background signals obtained from control 

cells, and figure 4B representing the population distribution of active caspase 3 in cells 

which have been stimulated with anti-CD95. The fact that the control histogram (A) 

contains a single low intensity peak, while the histogram for the activated cells (B) depicts a 

high intensity peak in addition to a low intensity peak, implies that after CD95 mediated 

activation there are two distinct cell populations, cells which are activated and cells which 

are not. Put another way, CD95 mediated caspase 3 activation seems to be an all or none 

event and the high intensity peak represents the cells with activated caspase 3.

The fraction of activated cells included in the high signal intensity peak in figure 4B can be 

determined by utilization of the Overton subtraction algorithm (Overton, 1988). Aside from 

a “data smoothing” correction procedure primarily affecting lower signal intensities, the 

Overton algorithm essentially subtracts the control signal histogram (in this case figure 4A) 

from the histogram representing the signal recorded from activated cells (in this case figure 

4B) on a channel by channel basis. This is demonstrated in figure 4E. The heavy (red) line 

represents the histogram obtained from untreated cells (originally plotted in figure 4A), and 

has here been labeled “control”, while the lighter (green) line represents the histogram 

obtained from cells which have been treated with anti-CD95 (originally plotted in figure 4B) 

and is here labeled “stimulated”. The darkly shaded (blue) area represents the difference 

between the two histograms as calculated with the Overton algorithm, and in this case 

corresponds to cells (44.7% of the total), which have responded to the anti-CD95 signal by 

activating caspase 3. In other words the Overton analysis shows that the difference in MFI 

(30.00-17.97 = 12.03) which we previously determined between the activated and control 

distributions is due to the fact that 44.7 % of the cells have responded to anti-CD95 by 

activating caspase 3.

In a similar manner, figure 4F utilizes the Overton algorithm to subtract the control 

histogram (figure 4A) from the histogram obtained from cells treated with the combination 

of anti-CD95 and Hg2+ (figure 4C). Again, the control histogram is represented by the heavy 

(red) line, the histogram representing CD95 stimulated cells is associated with the light 

(green) line, and the difference between the two is given by the (blue) shaded area. Figure 

4F indicates that for Hg2+ treated cells only 8.3% of the total population responds to anti-

CD95. This is down from 44.7% for cells treated with anti-CD95 in the absence of Hg2+, 

confirming that Hg2+ interferes with CD95 mediated activation of caspase 3. Finally figure 

4G utilizes the Overton algorithm to show that after combined DHA and Hg2+ exposure, 

21.4% of the cells now respond to anti-CD95 by cleaving caspase 3, reinforcing our thesis 

that DHA ameliorates mercury's ability to interfere with CD95 mediated cleavage of caspase 

3.
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The ability of DHA to preserve CD95 mediated caspase 3 cleavage in mercury treated T 
cells is correlated with the preservation of CD95 mediated death

Control experiments demonstrated that the effects of DHA with respect to both toxicity and 

CD95 mediated caspase 3 activation are dose dependent. In figure 5 changes in caspase 3 

activity are correlated with the functional outcome of cell death. Jurkat T cells were 

pretreated with DHA-EE (67 μM, the highest DHA concentration for which we were 

confident DHA was not toxic) or vehicle control overnight. Cells were then treated with 

Hg2+ or vehicle control as in figures 2-4, after which half of the cells were treated with 

activating anti-CD95. Cells from each of the differentially treated cell populations were then 

placed into eight wells of a 96 well plate and incubated for 22 hours. Cell viability was then 

determined with the MTT assay. The results for each of the anti-CD95 treated populations 

were then compared to control populations which were identically treated with respect to 

DHA and Hg2+, but which were not exposed to anti-CD95. The results were then expressed 

as the % of the control viability.

We find that as expected, in cells which have not been exposed to either Hg2+ or DHA that 

after CD95 signaling, cell viability is reduced. In this case viability is reduced about 80% 

from control levels. However in cells which have been exposed to Hg2+, CD95 mediated 

cell death is attenuated, in that cell viability is only reduced about 65% from control levels. 

On the other hand, in cells which were pre-exposed to DHA, Hg2+ no longer attenuates 

CD95 mediated cell death. In fact DHA appears to slightly enhance CD95 mediated cell 

death.

Discussion

We have previously shown that exposure of lymphocytes to low levels of Hg2+ is not 

classically toxic in the sense that cell growth is maintained, but that signaling through the 

CD95 death pathway is significantly inhibited (Whitekus, Santini, Rosenspire, and McCabe, 

1999;McCabe, Jr., Eckles, Langdon, Clarkson, Whitekus, and Rosenspire, 2005a;Ziemba et 

al., 2005;McCabe, Jr. et al., 2003b;Laiosa, Eckles, Langdon, Rosenspire, and McCabe, Jr., 

2007). In the normally functioning immune system excessive lymphocyte proliferation is 

limited in part by CD95 mediated Activation Induced Cell Death (AICD). On the other 

hand, failure of CD95 signaling is well known to have detrimental autoimmune and pro-

inflammatory consequences as AICD is responsible for maintaining peripheral tolerance to 

self-antigens (Zhang et al., 2004), as well as limiting bystander effects by terminating the 

immune response to a pathogen after its elimination (Strasser and Pellegrini, 2004;Barreiro, 

Luker, Herndon, and Ferguson, 2004;Krueger, Fas, Baumann, and Krammer, 2003). The 

implication of our previous work is that under circumstances where lymphocyte death is 

desirable, low level Hg2+ exposures, by interfering with CD95 signaling may promote 

lymphocyte viability, leading to pathological outcomes which contribute to autoimmune and 

inflammatory disorders.

Since epidemiological evidence has suggested that DHA might counteract the negative 

effects of low level mercury exposures on the nervous system, we hypothesized that DHA 

might also counteract negative effects of low level mercury exposures on the immune 

system. However unlike in the nervous system where the mechanism is essentially 
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unknown, in the immune system we have a plausible mechanism for low level mercury 

exposures to negatively impact immune system functionality through interference with the 

well-established CD95 signaling pathway. This permitted us to utilize an in vitro model 

system to directly probe any effects of DHA on mercury dependent disruptions of CD95 

mediated cell death.

Currently in the United States most environmental exposure to mercury is in the form of 

organic mercury, which generally occurs through the consumption of fish. However we 

chose not to directly utilize organic mercury species in this study, but rather inorganic Hg2+. 

The rationale for this decision was twofold. Initially there was a technical consideration. 

Under in vitro conditions organic mercury would be expected to cross the plasma membrane 

and affect multiple pathways besides the CD95 pathway. Unraveling the complicated results 

would be far from a trivial expansion of the analysis we have presented here. But most 

importantly, the results reported here with respect to inorganic mercury and DHA are by 

themselves directly relevant to current environmental exposures. First, it has been shown 

that as a result of metabolism, eventually about 70% of the total mercury burden in spleen 

and brain is in the form of inorganic mercury, regardless of the initial chemical form of the 

mercury during exposure (Sumino et al., 1975); Takizawa, 1986. Second, with respect to 

autoimmune disorders and inflammatory processes it has been shown that in animals 

exposed to organic mercury, that Hg2+ rather than organic mercury is the active species 

operating on the immune system (Havarinasab et al., 2005b;Havarinasab et al., 2005a). This 

being the case, there is no loss in generality in utilizing Hg2+, especially as we were working 

with an in vitro system.

Our main finding is that (at least in vitro) docosahexaenoic acid (DHA), the principle n-3 

PUFA found in cold-water fish (Ackman, 1989), counteracts a negative immunological 

effect of mercury on T cells by restoring the functionality of the CD95 death signaling 

pathway in mercury burdened cells. The implication is that the incidence of mercury 

associated autoimmunity will be diminished in individuals who have been exposed to high 

levels of mercury, but who also have high levels of DHA. Considering that the major 

environmental exposure to mercury is through consumption of fish, which also 

coincidentally have high levels of DHA, it may be that some of the immunotoxic effects of 

environmental mercury may be blocked in individuals who consume large quantities of fish. 

In a general sense the situation is not too different from what has been proposed to occur 

with respect to neurotoxic effects of mercury being attenuated by DHA, but in this case we 

have identified a specific mechanism upon which further investigation can be targeted.
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HIGHLIGHTS

• Inorganic mercury (Hg2+) interferes with CD95 mediated cell death in Jurkat T 

cells

• DHA restores the ability of CD95 to signal cell death in Hg2+ intoxicated T cells

• The restoration of CD95 mediated cell death by DHA is correlated with 

increased activation of Caspase 3.
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Figure 1. 
Cell viability is unaffected by exposure to low levels of DHA, either in the presence or 

absence of mercury. Jurkat T cells were incubated overnight with various concentrations of 

DHA. Cell viability was then assessed for each culture with the MTT assay. OD570nm-630nm 

was determined and represented as a measure of relative viability. Error bars represent the 

SEM of 6 replicate samples.
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Figure 2. 
DHA allows mercury burdened T cells to retain the ability to cleave pro-caspase 3 after 

CD95 signaling. Jurkat T cells were incubated overnight with or without DHA. HgCl2 was 

then added to half the cells, and then cells were treated or not with anti-CD95 in order to 

stimulate CD95 signaling. Cells were then lysed and lysates analyzed by western blotting. 

Procaspase 3 is indicated by the arrow, while lower molecular weight cleaved (activated) 

caspase 3 is indicated by the bracket. The figure is a representative example from three 

independent experiments.
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Figure 3. 
Quantitative assessment of the effect of DHA on CD95 mediated caspase 3 activation in 

mercury burdened T cells. Jurkat T cells were incubated overnight with or without DHA. 

HgCl2 was then added to half the cells, and then cells were treated with anti-CD95 in order 

to stimulate CD95 signaling. After an additional culture period cells were assayed for active 

caspase 3, and the % increase in caspase 3 activity determined by comparison with control 

cells which were not stimulated with anti-CD95. Error bars represent the SEM of 6 replicate 

samples. The (*) symbol represents a statistically significant difference of the mean 

compared to the mean of Hg (−) and DHA (−) cells.
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Figure 4. 
Flow cytometry confirms that mercury burdened T cells which have been exposed to DHA 

retain the ability to activate caspase 3 in response to CD95 signaling. Jurkat T cells were 

treated with DHA, HgCl2, anti-CD95 or vehicle controls. Cells were then treated with a 

lipophillic cell permeable fluorogenic substrate possessing the DEVDGI target peptide 

sequence for caspase 3, and fluorescence (indicative of active caspase 3), was measured by 

flow cytometry and the results displayed with the histograms which are graphed. The mean 

fluorescence Index (MFI) of each histogram, defined as the median of the distribution is 

displayed to the upper right of each figure. Where indicated, subtraction of histograms was 

accomplished utilizing the Overton algorithm. (A) Histogram for untreated control cells; (B) 

Histogram for cells which have been treated only with anti-CD95; (C) Histogram for cells 

which were treated with Hg2+ prior to anti-CD95 stimulation; (D) Histogram for cells which 

were treated with Hg2+ prior to anti-CD95 stimulation, but which were also exposed to 

DHA. (E) Subtraction of histogram representing cells treated only with anti-CD95 (figure 
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4B) from control cell histogram (figure 4A) (F) Subtraction of histogram for cells which 

were treated with Hg2+ prior to anti-CD95 stimulation (figure 4C) from control cell 

histogram (figure 4A). (G) Subtraction of histogram for cells which were treated with Hg2+ 

prior to anti-CD95 stimulation, but which were also exposed to DHA (figure 4D) from 

control cell histogram (figure 4A).
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Figure 5. 
Quantitative assessment of the effect of DHA on CD95 mediated cell death in mercury 

burdened T cells. Jurkat T cells were incubated overnight with DHA or vehicle control. 

HgCl2 was then added to half the cells, and then cells were treated with anti-CD95 in order 

to stimulate CD95 signaling of cell death. After an additional culture period cells were 

assayed for viability, and the % decrease in viability determined by comparison with control 

cells which were not stimulated with anti-CD95. Error bars represent the SEM of 6 replicate 

samples. The (*) symbol represents a statistically significant difference of the mean 

compared to the mean of Hg (−) and DHA (−) cells.
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