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1. INTRODUCTION: PROJECT BACKGROUND AND OVERVIEW 
 
The toxic dinoflagellate, Karenia brevis, produces brevetoxins which result in massive fish kills, 
contamination of shellfish, and severe respiratory effects in humans. Systematic distribution of 
brevetoxins following inhalation suggests initial respiratory effects may represent only part of 
the overall consequences associated with toxin exposure. Little is known regarding the long-term 
health implications associated with aerosolized toxin exposure and further investigation into 
cellular mechanisms of immunotoxicity of brevetoxins is warranted. Existing data suggests 
brevetoxins may affect immune system components, with toxins detected in immune cells from 
several species following exposure through both natural and experimental means. Evidence from 
both in vivo and in vitro studies of brevetoxin exposure is consistent with the hypothesis of 
decreased immunocompetence following exposure to red tide toxins.  
 
Existing data suggest brevetoxins enter immune cells and exert cellular effects. Emergency room 
studies have shown an increase in pneumonia during red tides. Taken together, these 
observations argue strongly for the need for further investigations of immunotoxic effects of 
brevetoxins. Detailed mechanistic studies of methods to reduce the effects of brevetoxins are 
critical in order to develop methods to reduce effects of brevetoxins on the immune system. This 
study aims to determine effects of brevetoxin exposure on critical signal transduction pathways 
in immune cells. Adequate functioning of such cellular pathways is essential in maintaining 
immune competence. The research will contribute to current understanding of essential immune 
system pathways that may be impacted by brevetoxins exposure and thus result in effects on 
human health. 
 
2. ACTIVITIES 
 
a. Overall Objective: Determine in vitro effects of brevetoxins on immune cells using Jurkat 
cells as a model system. 

 
Description of status of work performed: Research efforts under this objective are described 
below. Our model system for human immune cells was the Jurkat clone E-6 cell line. This cell 
line is of T-lymphocyte origin and possesses many of the features of human T lymphocytes, 
including T-cell receptor and calcium channels important in cell activation. Research activities 
are described in (b) effects of brevetoxins on ion channels,   (c) effects of brevetoxins on ERK1/2 
signalling pathways, (d) effects of brevetoxin on Src kinase, and (e) effects of brevetoxin on 
calcium flux. These experiments were designed to contribute information towards understanding 
potential mechanisms of action of brevetoxins on immune system components. The mechanism 
of action of brevetoxin exposure on immune cells and on immune competence is not well 
understood. Such detailed understanding is necessary in order to understand the full impact of 
brevetoxin exposure on human health and to direct efforts towards mitigating symptoms and 
immune system effects experienced by those exposed to brevetoxins through marine aerosols.  
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Problems encountered and solutions: These issues will be described below as they relate to 
individual experiments. 

 
b. Objective 1: Determine effects of brevetoxins on ion channels using monoclonal 
antibodies and western blotting techniques.  

 
Description of status of work performed: To briefly summarize, we tested the effects of in vitro 
brevetoxin exposure on two types of calcium dependent potassium channels – Kv1.3 and SK2. In 
our experiments, Kv1.3 channel expression was not affected, but an increase in SK2 channel 
expression at the protein level was observed. These observations suggest an increase in 
intracellular Ca2+ as a possible mechanism following brevetoxin exposure. 

 
Kv1.3 channel proteins. To date, several blotting experiments have been conducted to determine 
expression of Kv1.3 channels in Jurkat cells using a monoclonal antibody. This channel is 
expressed in high numbers on Jurkat cells. A representative blot is shown in Figure 1. Jurkat 
cells, 10x106 cells per treatment, were exposed to 250 – 750 ng/ml PbTx-2 for 24 h. Controls 
included ethanol (ETOH; 0.06% v/v), 4-aminopyridine (4-AP; negative control), and 2.5 µg/ml 
PHA (positive control). Cell lysates were harvested in a detergent lysis solution. Protein 
concentrations were measured using BioRad DC Reagent (BioRad, Richmond, CA) and 100 µg 
applied to wells of a 6% SDS-PAGE denaturing gel to separate proteins. Proteins were 
transferred to a nitrocellulose membrane using standard methods. Nitrocellulose membranes 
were blocked with 10% non-fat dry milk in Tris-buffered saline (TBS) overnight at 4 °C using an 
orbital shaker. After blocking, membranes were rinsed in TBS and incubated for 2 h at room 
temperature with a 1:200 dilution of Kv1.3 channel antibody (Sigma Chemical Co., St. Louis, 
MO), diluted with 1% BSA in TBS. After 4 washes at 5 min each in Tris-buffered saline 
containing 0.1% Tween (TBS-T), membranes were incubated for 1 h at room temperature with a 
1:2500 dilution of alkaline phosphatase labeled rabbit anti-IgG. Washes were repeated and 
antibody binding to protein bands was visualized using BCIP/NBT as substrate.   
 
 
 
 

250 ng/ml   500 ng/ml   750 ng/ml  EtOH        4-AP        PHA 
PbTx-2       PbTx-2        PbTx-2   

 
 

Kv1.3  
 

 
 β-actin 

 
 
 
 

Figure 1. Western blot analysis of Kv1.3 channel protein expression in Jurkat cells 
following 24 h exposure to red tide toxins (250, 500, 750 ng PbTx-2/ml). Other 
treatments included ethanol (EtOH), 4-aminopyridine (4-AP), and 2.5 µg/ml 
PHA. 
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Results and Discussion:  Kv1.3 is a voltage-gated calcium dependent potassium channel and 
these channels are known to be present on Jurkat cells (Desai et al., 2000). Kv1.3 ion channel 
activity can be used as a functional activation marker in T cells (Estes et al., 2008). Such ion 
channels are critical in maintaining membrane potential and calcium flux, which plays an 
important role in activating downstream signal transduction pathways. It is known that 
brevetoxins bind to specific binding sites on voltage-sensitive sodium channels (Baden et al., 
2005). Our hypothesis was that brevetoxins would also bind to voltage-gated channels on 
lymphocytes. Our negative control, 4-AP, decreased protein expression of Kv1.3 as expected 
(Conforti et al., 2003). We did not observe effects on Kv1.3 protein expression in response to 
brevetoxin treatment, as we had hypothesized.  
 
 
SK2 channel proteins. Jurkat cells were cultured at a concentration of 2.5 x 106 cells/ml, with 
a total of 10 x 106 Jurkat cells used for each treatment. Control cells were either untreated, 
stimulated with 2.5 µg/ml PHA or treated with EtOH (0.06% v/v). Brevetoxin treated cells 
were exposed to 500 or 750 ng PbTx-2/ml. Cells were incubated for 24 h at 37 °C, 5% CO2. 
Cells were lysed and protein concentrations determined using DC BioRad reagent (BioRad, 
Richmond, CA). Proteins were separated using 6% SDS-PAGE with 100 µg protein for each 
treatment. Proteins were transferred to nitrocellulose membranes using standard procedures. 
Nitrocellulose membranes were blocked with 10% non-fat dry milk in TBS overnight at 4 °C 
using an orbital shaker. After blocking, membranes were rinsed in TBS and incubated for 2 h 
at room temperature with a 1:400 dilution of primary SK2 antibody (Sigma Chemical Co., St. 
Louis, MO), diluted with 1% BSA in TBS. After 4 washes at 5 min each in TBS-T, 
membranes were incubated for 1 h at room temperature with a 1:2,500 dilution of alkaline 
phosphatase labled rabbit anti-IgG. Washes were repeated and antibody to protein bands was 
visualized using BCIP/NBT as substrate.   
 
Results from these experiments are shown in Figure 2. Bands indicative of the SK2 channel 
protein have a molecular weight of 61.3 kD. Compared to untreated control samples, band 
intensity was increased in samples treated with 2.5 µg PHA/ml or 750 ng PbTx-2/ml. Band 
intensity did not increase in response to ethanol (EtOH) control or 500 ng PbTx-2/ml. 
 
 

A           B   C  
A: EtOH 
B: 2.5 µg/ml PHA 
C: Untreated 
 

 
 
 
 
 A                              B                        C 
 A: 750 ng/ml PbTx-2 

B: 500 ng/ml PbTx-2 
C: Untreated 

 
 
 
 

Figure 2. Western blot analysis of SK2 protein expression in Jurkat cells following 24 
h exposure to red tide toxins (500 and 750 ng PbTx-2/ml). PHA (2.5 µg/ml) was used 
as positive control. Top: Control; Bottom: PbTx-2 treated. 
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Problems encountered and solutions: With these experiments, problems were encountered 
with the positive control used for western blots when investigating Kv1.3 protein expression. 
Imaging of potassium channel immunoblots was also complicated by the faint appearance of 
the bands. We tried to improve imaging of these immunoblots as much as possible.  
 
As an alternative to protein expression, we initiated quantitative PCR (Q-PCR) to confirm 
results obtained using Western blot analysis. Jurkat cells were exposed to 100 µM PbTx-2 for 
18 h, RNA isolated, and cDNA prepared. cDNA was used in relative quantification 
experiment to compare relative expression of two SK channel isoforms, SK2-A1 and SK2-B1, 
in response to brevetoxin treatment compared to control. Preliminary data resulting from these 
experiments are shown in Figure 3. These data show an approximately six-fold increase in 
expression of SK2-A1 and seven-fold increase in expression of SK2-B1 in brevetoxin treated 
samples compared to control. There were some variations in endogenous control (β-actin) 
expression between control and treatment, however. Therefore, to ensure reliable data, we 
need to conduct further experimentation to adjust for variation in the endogenous control 
between treatment and control samples.  
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Figure 3. Relative quantification of calcium dependent potassium channel isoforms (SK2-
A1 and SK2-B1 in Jurkat cells treated with 100 µM PbTx-2/ml for 18 h. 

 
 
 
 
Results and Discussion. Human T lymphocytes are known to have at least two different types 
of K+ channels, voltage-gated K+ channels (Kv) and calcium dependent K+ channels (KCa; 
SK2) (Lewis and Cahalan, 1995). Additionally, both these types of channels are known to be 
present on Jurkat cell surfaces (Desai et al., 2000). These channels are activated by different 
mechanisms, with Kv channels activated by membrane depolarization and KCa channels 
opening following an increase in intracellular free Ca2+ (Lewis and Callahan, 1995). SK2 
channels are a member of the small-conductance Ca2+-activated K+ channels and are 
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important in activation of Jurkat T-lymphocytes (Morimoto et al., 2007). Activation of KCa 
channels is strongly associated with sustained Ca2+-influx and the Ca2+-dependent signaling 
pathway (Morimoto et al., 2007). 
 
In the results presented here, protein expression of the voltage gated calcium dependent 
potassium channel, Kv1.3, was not affected. The observation of increased protein expression 
of the calcium dependent potassium channel, SK2, suggests an increase in intracellular Ca2+ 
as a possible cellular mechanism following brevetoxin exposure. Our preliminary data with 
real-time quantitative PCR and primers for two calcium dependent potassium channel 
isoforms, SK2-A1 and SK2-B1, support an increase in calcium channel expression in 
response to red tide treatment. Further experiments are focusing on investigating any relative 
changes in gene expression of SK2 channels in response to brevetoxin treatment.  
 
c. Objective 2: Determine effects of brevetoxins on ERK1/2 signaling pathway using 
ELISA.  

 
Description of the status of work performed: Experiments to determine whether brevetoxin 
(PbTx-2) activates ERK1/2 signalling pathway in immune cells were performed. The ERK1/2 
pathway is an important intracellular signaling cascade that can be activated in response to 
various extracellular stimuli that bind cell surface receptors. We exposed Jurkat cells, as a 
model of T lymphocytes, to 10 – 1000 nM PbTx-2 for 10 min. Treatment with 50 µM PMA 
was used as a positive control. A PathScan® Phospho-p44 MAPK (Thr202/Tyr204) 
Sandwich ELISA Kit (Cell Signaling Technology, Danvers, MA) was used for these analyses. 
Absorbance was measured in a microplate reader (BioTek) at 450 nm. Data are reported as 
absorbance values per mg protein. These results are shown in Figure 4. PMA activated 
ERK1/2 pathway, as indicated by increased absorbance at 450 nm, but this pathway was not 
activated in response to treatment with any concentration of PbTx-2 tested. In other 
experiments, U-937 cells, as a model of monocytes, were exposed to PbTx-2. Again, PMA 
activated ERK1/2 pathway, as indicated by increased absorbance at 450 nm, but this pathway 
was not activated in response to treatment with PbTx-2 (data not shown).  
 
Results and Discussion. We did not observe the increase in ERK1/2 activation in response to 
PbTx-2 treatment that was observed in neuronal cells (Dravid et al., 2004) and that we 
hypothesized would occur in immune cells as well. This was true when investigated through 
the use of two different immune cell types, either a T-lymphocyte model (Jurkat) or a 
monocyte model (U-937).  It is possible that PbTx-2 inactivates MAP kinases that are 
involved in this pathway, rather than activates them. It is also possible that PbTx-2 affects 
intermediates that are further upstream or downstream of ERK1/2.  
 

Problems encountered and solutions: We did not observe an increase in ERK1/2 activation as 
we hypothesized.  
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 Figure 4. Effect of 10 – 1000 nM PbTx-2 on activation of ERK1/2 signalling in Jurkat 

cells. Cells were exposed to PMA or PbTx-2 for 10 min. Absorbance was measured at 450 
nm. Data are reported as absorbance values per mg protein. Data represent ± SEM of five 
(N = 5) independent experiments. 

 
 
 
 
 
 

d. Objective 3: Determine effects of brevetoxin exposure on Src kinase pathway. 
 

Description of status of work performed:  Several experiments to determine the effect of 
brevetoxin exposure on Src kinase were performed. First, a series of experiments were 
completed in which Jurkat cells were treated with PbTx-2 for 10 min. Jurkat cells were 
serum-starved overnight, adjusted to a final concentration of 1 x 106 cells in 250 µl (4 x 106 
cells/ml) and exposed to brevetoxin (10, 100, or 1000 nM) for 10 min. The amount of 
phosphorylated (activated) Src kinase was measured using an ELISA kit (PhosphoDetect® 
Src (pTyr418) ELISA; Calbiochem, Gibbstown, NJ). Results from this assay are shown in 
Figure 5A. Once the concentration of PbTx-2 that resulted in the maximum amount of Src 
kinase activity was determined, a timecourse was conducted to determine the time for 
maximum Src kinase activation to occur. These results are shown in Figure 5B.  
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Figure 5. PbTx-2 increases Src Tyr-418 phosphorylation in Jurkat cells. A) Concentration-
response profile for PbTx-2 effects on Src Tyr-418 phosphorylation. Jurkat cells were exposed to 
1 – 1000 nM PbTx-2 for 10 min. The phosphorylation levels of Src were detected by ELISA and 
normalized to total protein concentration for each treatment. Individual bars represent the mean ± 
SEM for four (N = 4) independent expriments. B) Time course for PbTx-2 (100 nM)-induced 
stimulation of Src Tyr-418 phosphorylation. Cells were exposed to PbTx-2 for 1 – 30 min. 
Individual bars represent mean ± SEM for six (N = 6) independent experiments. 

 
 
 
 
 
 
 
 
 
 
Specific inhibitors of Src kinase, PP2 (4-Amino-5-(4-chlorophenyl)-7-(t-butyl)pyrazolol[3,4-
d]pyrimidine) and PP3 (4-Amino-7-phenylpyrazol[3,4-d]pyrimidine), were tested to confirm the 
role of brevetoxin in Src kinase activation. No difference was observed in Src kinase activation 
with these inhibitors included (data not shown).  
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Results and Discussion. A significant (P < 0.05) increase in concentration of phosphorylated, or 
activated, Src kinase was observed in Jurkat cells in response to 100 nM PbTx-2. A peak in 
activation of Src kinase occurred after 2.5 min exposure to brevetoxin. Activation of this 
pathway is significant because Src-family kinases are widely expressed in the mammalian 
immune system and are involved in a range of cellular functions. There are many important 
cellular functions that are associated with Src kinase activation, including calcium flux, signal 
transduction, cell adhesion, and cell division. Studies by other investigators (Dravid et al., 2005; 
Cao et al., 2007) found that PbTx-2 activated Src kinase in neocortical neurons.  

 
Although specific inhibitors of Src kinase, PP2 and PP3, were tested to confirm the role of 
brevetoxin in Src kinase activation, these inhibitors did not result in detectable effects on Src 
kinase activity in brevetoxin treated cells.  The implication of these results is not clear at this 
time. It is possible that other inhibitors, specific for different Src kinase residues, may have 
inhibited Src kinase activation in PbTx-2-treated Jurkat cells, but this was not examined as part 
of this project. Other compounds that inhibited pathway components such as phospholipase C or 
G-coupled receptor activation (Cao et al., 2007) may have inhibited the apparent Src kinase 
activation observed in these experiments.   
 
Problems encountered and solutions: There was considerable variability among experiments. 
This problem was addressed by increasing experimental replications. Also, we introduced the use 
of Src kinase specific inhibitors to help characterize Src kinase pathway components that were 
activated by PbTx-2 exposure, but these results were inconclusive.  We are currently examining 
activation of STAT1 (Signal Transducer and Activator of Transcription) by PbTx-2, which 
provides an indirect measure of Src kinase activation. 
 
e. Objective 4: Determine effects of brevetoxins on calcium flux. 

 
Description of status of work performed:  Experiments to determine the role of calcium flux in 
response to in vitro brevetoxin exposure were conducted using Fluo-4 NW Calcium Assay Kit 
(Invitrogen, Eugene, OR).  Jurkat cells were pelleted by centrifugation at 200 x g for 3 min. Cell 
culture medium was removed and the cell pellet resuspended in assay buffer (1X HBSS, 20 mM 
HEPES) to a concentration of approximately 2.5 x 106 cells/ml. Resuspended cells, 50 µl 
containing 125,000 cells, were pipetted into wells of a 96-well black microtiter plate suitable flor 
conducting fluorescence measurements. Assay buffer alone, 50 µl, was pipetted into no-cell 
control wells. Plates were incubated at 37 °C and 5% CO2 for 60 min to allow cells to settle. 
From kit components, a 2X dye loading solution containing Fluo-4 NW and 5 mM probenecid 
was prepared. Cells were removed from the incubator and 50 µl of 2X dye loading solution 
added to each well. The plate was incubated at 37 °C for 30 min, followed by room temperature 
incubation for 30 min. Cells were treated with ethanol, 200 nM carbachol (positive control) or 
brevetoxin (PbTx-2 at 10, 100, or 1000 nM concentrations). Fluorescence measurements were 
collected in a fluorescent microplate reader (BioTek, FLx800) using excitation at 485 nm and 
emission at 528 nm. Fluorescent measurements were taken just prior to adding brevetoxin (T = 
0) or immediately following addition of brevetoxin (T = 3 sec). Subsequent measurements were 
collected every 30 seconds. Results from six trials of the experiment are shown in Figure 6.   
Significant differences in calcium flux, compared to control, were observed in response to 
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treatment with 100 nM PbTx-2, with calcium flux in Jurkat cells significantly greater than 
control (ethanol) cells after 3 sec (P = 0.05) and after 30 sec (P = 0.041).    
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Figure 6. Effect of 100 nM PbTx-2 on calcium flux in Jurkat cells. EtOH = ethanol control; Carb 
= 200 nM Carbachol; 100-P2 = 100 nM PbTx-2. *Significantly greater (P < 0.05) than EtOH at 
the same concentration. N = 6 trials of the experiment. Top: Data shown as a line graph; Bottom: 
Data shown as a bar graph.  

 
 
 

Results and Discussion. These data indicate brevetoxin may stimulate calcium flux in Jurkat 
cells, but this appears to be a short-term rather than a sustained response. An increase in calcium 
flux was observed only following 3 and 30 sec time intervals. Calcium is a universal second 
messenger and calcium signals have been described in many immune cell types, including T and 
B cells, natural killer (NK) cells, mast cells, dendritic cells, monocytes, and macrophages.  
Calcium signaling controls many immune cell functions, including proliferation, differentiation, 

 9



apoptosis, and many transcriptional programs. The fact that calcium flux appear to occur after 
brevetoxin treatment indicates that numerous potential signaling pathways may be activated, 
including those involved in T-cell activation and transcription of various genes essential for T 
cell effector function (Carroll et al., 2006). Calcium influx also stimulates mast cell 
degranulation and target cell killing by cytolytic T cells (Oh-hora and Rao, 2008).  
 
Problems encountered and solutions. Collection of the fluorescent measurements was 
challenging in many ways. Our fluorometer doesn’t have an injector for simultaneously injecting 
a specific treatment into several wells. Therefore, we had to modify the assay to use a 
multichannel pipettor rather than a microplate injector for adding treatments to wells. In some 
experiments, the ethanol control appeared to result in high calcium flux. The reason for this is 
unclear. This issue was primarily addressed with continued repetition of the experiment. 
Additionally, we used our positive control, carbachol, as guide. If carbachol produced a response 
that was higher than ethanol control, then we considered the data valid. If the carbachol response 
was the same as, or lower than what was observed with ethanol, we repeated the experiment. The 
data presented in Figure 6 represent only those trials in which carbachol generated a response 
greater than ethanol control.   
 
Overall Summary and Significance of Results 
This following section summarizes the main findings of this research and addresses the 
significance of these findings. Using the Jurkat cell line, a model for human T-lymphocytes, we 
found that in vitro exposure of these cells to brevetoxin (PbTx-2) resulted in the following 
cellular effects: 

 
1. A possible increase in SK2 channel expression (Objective 1: Determine effect of 

brevetoxin exposure on calcium dependent potassium channels) 
2. No activation of ERK1/2 pathway (Objective 2: Determine effect of brevetoxin exposure 

on ERK1/2 pathway). 
3. Apparent activation of Src kinase pathway (Objective 3: Determine effect of brevetoxin 

exposure on Src kinase pathway). 
4. A potential increase in calcium flux (Objective 4: Determine effect of brevetoxin on 

calcium flux) 
 
Calcium dependent potassium channels, such as SK2, are expressed on T lymphocytes 
including Jurkat cells, and are critical in membrane potential, calcium signaling, signal 
transduction pathways, and cell activation (Panyi et al., 2004). Because of their essential role 
in immune cell functioning, the apparent increase in expression of calcium dependent 
potassium channels in brevetoxin treated immune cells may be important in brevetoxin-
associated health effects. The essential role of these channels in cell function and their 
limited tissue distribution are features which render SK2 channels as potentially attractive 
targets for pharmacological intervention in various diseases (Panyi et al., 2006).  Modulation 
of these channels has been investigated for benefit in treatment of many diseases, such as 
sickle cell anemia, cystic fibrosis, graft-versus-host disease, and many autoimmune diseases 
including rheumatoid arthritis, inflammatory bowel disease, and multiple sclerosis (Feske 
2007). If further investigations confirm and characterize the role of SK2 channels in 
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brevetoxicosis, modulation of such channels may lead to improved mitigation of health 
effects associated with brevetoxin exposure.  
 
Although we hypothesized that in vitro brevetoxin exposure would activate the ERK1/2 
signaling pathway in immune cells, our results demonstrated that this pathway was not 
activated. ERK1/2 is one of the predominant signal transduction pathways affected by 
calcium influx and binding of external factors, and the proteins encoded by these genes act as 
an integration point for multiple biochemical signals. The absence of activation of this 
pathway provides additional information about possible receptors with which brevetoxin may 
interact and aids in determining which pathways are activated by brevetoxin exposure. Since 
activation of ERK1/2 plays a critical role in regulation of cell growth and differentiation, 
primary brevetoxin effects on immune cells are most likely not directly related to regulation 
of cell growth and differentiation.  
 
On the other hand, brevetoxin does appear to activate Src kinase, another predominant signal 
transduction pathway affected by calcium flux, in immune cells. Src kinase, a non-receptor 
tyrosine kinase, activates several signaling cascades, and affects many functions including 
cell adhesion and migration, enhancement of cell survival, and regulation of cell division. 
Because Src kinase appears to be activated by in vitro PbTx-2 treatment of an immune cell 
model, this supports cellular activations through calcium channels, rather than through 
receptor tyrosine kinase receptors, such as those which would activate ERK1/2 signaling 
pathways. 
 
The results also demonstrate an apparent calcium flux in immune cells in response to in vitro 
brevetoxin treatment. Calcium is a universal second messenger and with many important 
functions in the immune system, including cellular proliferation, differentiation, apoptosis, 
and transcription. Calcium influx is also important in mast degranulation (Vig and Kinet, 
2009).  The brevetoxin-associated calcium influx observed in these studies may have 
important health implications. Respiratory symptoms are associated with human exposure to 
aerosolized brevetoxin (Kirkpatrick et al., 2004), and mast cell degranulation may play a role 
in this response. Additionally, abnormal or dysregulated calcium signals are known to result 
in several immunodeficiency and autoimmune disorders. For example, systemic lupus 
erythematosus is an autoimmune inflammatory syndrome that appears to involve increased 
calcium signals in B cells, another lymphocyte type (Feske, 2007). 
 
3. EXPECTED BENEFITS/FUTURE APPLICATIONS 
 
The primary benefit of the results obtained to date is the contribution of additional pieces to 
the puzzle of red tide toxin-related health effects. These studies bolster our current 
understanding of the risk of human disease as a function of exposure to marine biotoxins in 
the environment. The results we report contribute to mechanistic information regarding 
underlying immunotoxic effects of red tide exposure in humans, an area for which currently 
available information is limited. By demonstrating the role of calcium, calcium-related 
channels, and signal transduction pathways in in vitro exposure of immune cells to 
brevetoxin, the presented results contribute vital information important in understanding cell 
signaling mechanisms in brevetoxin-treated immune cells. Our research helps delineate 
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potential harmful effects of brevetoxins on human health at the cellular level and lays 
additional foundation for conducting future studies on how environmental exposure to 
brevetoxins may affect human health. Detailed mechanistic studies of cellular effects of 
brevetoxins, such as those presented here, are necessary to determine molecular targets of 
brevetoxins within the immune system. Once specific targets are identified and characterized, 
productive efforts towards mitigating human health effects associated with red tide toxin 
exposure can be undertaken.  
 
A manuscript detailing the results outlined in this Final Report is currently in preparation. 
 
5. Attachments: ATTACHMENT C – Property Reporting Form for any equipment 

purchases over $1,000.  
 
There were no purchases over $1,000 made for this project. 

 
6. Invoice: Attached as a separate pdf file. 
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