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Abstract

Ascorbic acid has been shown to kill various cancer cell lines at pharmacologic concentrations. 

We found that Epstein-Barr virus (EBV)-positive Burkitt lymphoma (BL) cells were more 

susceptible to ascorbic acid-induced cell killing than EBV-negative BL cells or EBV-transformed 

lymphoblastoid cells (LCLs). Ascorbic acid did not induce apoptosis in any of the tested cells but 

did induce the production of reactive oxygen species and cell death. Previously, we showed that 

bortezomib, a proteasome inhibitor, induces cell death in LCLs and EBV-positive BL cells. We 

found that ascorbic acid is strongly antagonistic for ascorbic acid-induced cell death in LCLs and 

EBV-positive BL cells. Finally, ascorbic acid did not prolong survival of severe combined 

immunodefiency mice inoculated with LCLs either intraperitoneally or subcutaneously. Thus, 

while ascorbic acid was highly effective at killing EBV-positive BL cells and LCLs in vitro, it 

antagonized cell killing by bortezomib and was ineffective in an animal model.
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INTRODUCTION

Epstein-Barr virus (EBV) is one of the most successful human viruses, infecting over 90% 

of adults and persisting for the lifetime of the individual [1]. The virus infects both B cells 

and epithelial cells. EBV is associated with a number of malignancies. These include most 

cases of post-transplant lymphoproliferative disease, anaplastic nasopharyngeal carcinoma, 

and about 50% of cases of Hodgkin's disease in the United States and B cell lymphomas in 

AIDS patients [2,3]. In nearly all of these diseases EBV latent membrane protein 1 (LMP1) 

is expressed. This protein is an oncogene and activates the NF-κB pathway to inhibit 
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apoptosis in the cell and drive B cell proliferation. LMP1 binds the tumor necrosis factor 

receptor associated factors (TRAFs) and to tumor necrosis factor receptor-associated death 

domain protein (TRADD) which results in activation of NF-κB to mediate growth 

transformation [3].

Three different patterns of latency have been associated with EBV infection [2]. In latency 

pattern 1, Epstein-Barr virus nuclear antigen-1 (EBNA-1) is the only EBV protein 

expressed. This is the pattern of gene expression seen in tissues from patients with Burkitt 

lymphoma [3] and gastric carcinoma [4,5]. In latency pattern 2, EBNA-1, LMP1, and EBV 

latent membrane protein 2 (LMP2) are expressed. This pattern is seen in tissues from 

patients with EBV-positive Hodgkin lymphoma [6], nasopharyngeal carcinoma [7], NK/T 

cell lymphoma [8], and peripheral T cell lymphoma [9]. All of the EBV-associated latency 

proteins are expressed in latency pattern 3. This pattern of latency is seen in EBV-associated 

post-transplant lymphoproliferative disease [10], immunoblastic lymphomas of the CNS in 

AIDS patients [11], some non-Hodgkin lymphomas in patients with AIDS [10,12,13], and in 

EBV-transformed lymphoblastoid cell lines in vitro.

Several agents (BAY 11-7082, high dose simvastatin, and bortezomib) have been shown to 

induce apoptosis of EBV-transformed B cells as well as inhibit development EBV-induced 

lymphomas in severe combined immunodeficiency (SCID) mice [1,14-16]. However, since 

these compounds have multiple effects on the cell and are often associated with toxicity, it is 

important to examine other compounds that may be used as potential treatments for EBV-

associated malignancies. Ascorbic acid (vitamin C) is an essential vitamin and a potent 

water-soluble antioxidant which functions as an electron donor. At pharmacologic 

concentrations ascorbic acid can also exert pro-oxidant effects through the reduction of 

transition metal ions, such as iron and copper. Ascorbic acid functions as an electron donor 

for hydroxylating enzymes. Infection of B cells by EBV induces oxidative stress [17]. 

Furthermore, hydrogen peroxide, a potent oxidizer, inhibits induction of EBV immediate-

early gene expression and therefore is critical for maintaining EBV latency [18]. Previous 

studies have shown that addition of pharmacologic concentrations of ascorbic acid to 

various cancer cell lines, including EBV-negative Burkitt lymphoma cell lines, causes cell 

death at concentrations less than 5 mM [19-21]. Plasma levels of ascorbic acid of less than 

100 μM can be achieved after oral dosing, whereas, levels of 20 mM are obtained with 

intravenous dosing [22-24]. Therefore, we examined whether ascorbic acid would kill EBV-

positive Burkitt lymphoma cells as well as EBV-transformed B cell lines, and if ascorbic 

acid could be a potential treatment for EBV-associated B cell lymphomas.

We found that pharmacologic concentrations of ascorbic acid induced cell death in all cell 

lines tested through the production of reactive oxygen species (ROS). However, when used 

in combination with bortezomib, ascorbic acid was highly antagonistic to bortezomib. 

Surprisingly, ascorbic acid had no effect on the development of EBV-lymphomas in SCID 

mice. These finding suggest that while ascorbic acid is potent in vitro, it may not be 

effective for treatment for EBV-associated B cell lymphomas.

Shatzer et al. Page 2

Leuk Lymphoma. Author manuscript; available in PMC 2014 June 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



MATERIALS AND METHODS

Cell Lines

Two EBV-transformed lymphoblastoid cell lines (LCLa and LCLb), three EBV positive 

Burkitt lymphoma cell lines (Akata, Kem I, and Mutu I), and two EBV negative Burkitt 

lymphoma cells lines (BJAB and BL30) were grown in RPMI 1640 medium supplemented 

with 10 % heat-inactivated fetal bovine serum (FBS), penicillin, and streptomycin.

Reagents

Ascorbic acid and bovine liver catalase were obtained from Sigma-Aldrich (St. Louis, MO) 

and alamar blue was from Invitrogen Biosource (Carlsbad, CA). The general caspase 

inhibitor, Q-VD-OPH, was obtained from R&D Systems (Minneapolis, MN). Bortezomib 

was obtained from Millennium Pharmaceuticals Inc. (Cambridge, MA).

Cell Viability Assay

Cells (4 × 104 cells) were plated and cultured in RPMI 1640 media with 10% FBS in the 

presence of ascorbic acid at 37°C for 3 days. On the third day, 10μL of a 1:1 mixture of 

alamar blue (Invitrogen Biosource, Carlsbad, CA) and RPMI 1640 media with 10% FBS 

were added to the cells and incubated at 37°C for 2 hr. Proliferating cells reduce alamar blue 

to a highly fluorescent compound which can be quantified using a multiwell plate reader 

with excitation of 535 nm and emission of 595 nm.

Immunoblots

Cells were lysed in RIPA buffer containing 10 mM Tris-HCl pH 8, 100 mM NaCl, 1 mM 

EDTA, 1% NP-40, 0.5% deoxycholate, 0.5% SDS, and protease inhibitors (Roche, 

Indianapolis, IN). Equal amounts of protein were subjected to SDS-PAGE, transferred to 

nitrocellulose membranes, and incubated with antibodies. Caspase-3, cleaved caspase 3 

(Cell Signaling Technology, Danvers, MA), and BZLF-1 (Santa Cruz Biotechnology) 

antibodies were used in immunoblots.

Annexin V Apoptosis Assay

Apoptosis was measured using annexin V/7-AAD staining according to the manufacturer's 

instructions (BD Pharmingen Biosciences, San Diego, CA). Cells (2 × 105) were incubated 

with various concentrations of ascorbic acid for 24 or 48 hr. The cells were washed, 

resuspended, and incubated with binding buffer containing annexin V –PE for 15 min at 

room temperature. Flow cytometry was used to analyze the labeled cells.

Combination Studies

Combination studies were performed and analyzed as previously described [25]. Briefly, 

cells were treated with ascorbic acid, bortezomib, or a combination of ascorbic acid and 

bortezomib for 72 hr and analyzed for viability. The Chou-Talalay equation was used to 

determine if the drug combinations were synergistic, additive, or antagonistic [26]. 

Additional combination studies were performed in which cells were pretreated with 
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bortezomib for 4 or 8 hr before the addition of 1 mM ascorbic acid to the cells and analyzed 

for viability after 72 hr.

Animal Experiments

Female SCID mice, aged 4-6 weeks, were inoculated intraperitoneally (i.p.) with 1 × 106 

LCLs and treatment with ascorbic acid was initiated 7-10 days later. Animals were treated 

with either 4 g/kg of ascorbic acid in H20 (pH 7.0) or 0.5M NaCl (isotonic with the dose of 

ascorbic acid) 5 days a week for 6 weeks (for a total of 30 days of treatment). Mice were 

observed daily for ascites and solid tumors. Alternatively, female SCID mice, aged 4-6 

weeks, were inoculated subcutaneously (s.c.) with 5 × 106 LCLs and 10 to 17 days post-

inoculation, mice were divided into treatment groups dependent on the size of the masses. 

Treatment was begun as described in the i.p. studies; alternatively, treatment continued for 

the entire course of the experiment. The s.c. masses were measured three times per week and 

animals were euthanized when the masses exceeded 2 centimeters in diameter or when the 

masses ulcerated. Upon euthanization, the masses were excised and measured for weight 

and volume.

Measurement of Ascorbic Acid Levels in Plasma

Peripheral blood was collected in heparinized tubes from animals injected either i.p. or s.c. 

with LCLs. Plasma was separated and mixed 1:1 with a solution of 10% EDTA/90% 

methanol, incubated on ice for 5 min, and the resulting supernatant was analyzed by HPLC 

as previously described [27].

RESULTS

Burkitt Lymphoma Cell Lines are Generally More Susceptible to Killing by Ascorbic Acid 
than EBV-transformed Lymphoblastoid Cell Lines

Several EBV-positive and EBV-negative cells were treated with various concentrations of 

ascorbic acid for 72 hr. All cell lines tested showed > 60% loss of viability with 2 mM 

ascorbic acid (Figures 1A and B). However, EBV-positive Burkitt lymphoma cells with a 

type I latency pattern (Akata, Kem I, and Mutu I) were generally more sensitive to ascorbic 

acid than EBV-transformed LCLs (LCLa, LCLb) or EBV-negative Burkitt lymphoma cells 

(BJAB, BL30) (Table I). The average effective concentration at which 50% of the cells were 

killed (EC50) was < 0.5 mM for two EBV-positive Burkitt lymphoma cell lines (Akata and 

Kem I cells), while the EBV-transformed LCLs had an EC50 that ranged from 0.66 mM to 

0.78 mM. Treatment of cell lines with ascorbic acid over a three day time period showed 

that cell death increased with length of treatment (Figures 1C and D).

Ascorbic Acid Does Not Induce Apoptosis or EBV Lytic Replication in B Cell Lines

To determine if ascorbic acid kills B cells tested by inducing apoptosis, cells were treated 

with various concentrations of ascorbic acid for either 24 or 48 hr, stained with annexin V 

and 7-AAD, and analyzed by flow cytometry. Cells that were annexin V/7-AAD negative 

were considered viable, cells that were annexin V positive and 7-AAD positive were 

considered necrotic, and cells that were annexin V positive and 7-AAD negative were 
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considered apoptotic,. LCLa, LCLb, BJAB, and Kem I showed little or no increase in the 

percentage of apoptotic cells (Figure 2 and data not shown).

In order to confirm that ascorbic acid does not induce apoptosis in the cells studied, caspase 

3 cleavage was examined. Treatment of LCLs and Burkitt lymphoma cell lines with ascorbic 

acid for various periods of time did not induce cleavage of caspase 3 (Figure 3). Bortezomib, 

a known inducer of apoptosis of LCLs [14], served as a positive control. For further 

confirmation that apoptosis is not induced in the cells treated with ascorbic acid, cells were 

pretreated with the general caspase inhibitor, Q-VD-OPH and then treated with ascorbic acid 

for 72 hr. The addition of the caspase inhibitor did not protect any of the cells tested from 

ascorbic acid induced cell death (Figure 4A and B).

Since lytic replication of EBV can induce cell death, we determined if ascorbic acid might 

induce virus replication in the EBV-infected cells lines. LCLs and EBV-positive Burkitt 

lymphoma cell lines were treated with ascorbic acid and immunoblotted to look at 

expression of BZLF1 protein, a marker of virus lytic replication. No evidence for lytic 

replication was detected (Figure 5).

Ascorbic Acid Induces Production of ROS

Catalase is a powerful antioxidant and scavenger of hydrogen peroxide which previously 

was shown to be protective against ascorbic acid-induced cell death caused by the 

production of ROS [19]. To determine that ascorbic acid-induced cell death was due to the 

production of ROS, cells were treated ascorbic acid in the presence or absence of 0.1 mg/mL 

of catalase for 72 hr and viability was analyzed by alamar blue staining. The addition of 

catalase protected both EBV-positive and EBV-negative B cells from ascorbic acid-induced 

cell death confirming that generation of ROS is the cause of cell death in these cells (Figure 

6).

Ascorbic Acid is Strongly Antagonistic Towards Bortezomib

Previously, we showed that bortezomib, an inhibitor of the proteasome, induced cell death in 

LCLs with a greater efficiency than in EBV-positive or EBV-negative Burkitt lymphoma 

cells [14]. Therefore, we determined whether a combination of ascorbic acid and bortezomib 

would enhance cell death in EBV-positive and EBV-negative cells when compared to either 

ascorbic acid or bortezomib alone. A synergistic, additive, or antagonistic effect of 

bortezomib on ascorbic acid was determined by calculation of the combination index as well 

as by isobologram analysis. A combination index of less than 1 is indicative of synergy, a 

combination index equal to 1 is indicative of an additive effect, and a combination index 

greater than 1 is indicative of antagonism. For all cell lines tested, ascorbic acid was 

antagonistic to bortezomib at each effective concentration tested (EC50, 75, 90) (Table II). An 

isobologram analysis confirmed that ascorbic acid was strongly antagonistic towards 

bortezomib at concentrations of ascorbic acid greater than approximately 100 μM in all cells 

tested (Figure 7.

A previous study showed that delaying ascorbic acid treatment of multiple myeloma cells by 

4 to 8 hr reduced the antagonist effect of ascorbic acid on bortezomib-induced cell death in 

vitro [28]. Therefore, we determined if delaying ascorbic acid treatment would also reduce 
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the antagonistic effect of ascorbic acid on bortezomib-induced death of EBV-positive B cell 

lines. For all cell lines tested, addition ascorbic acid 4 or 8 hr after bortezomib treatment still 

inhibited bortezomib-induced cell death (Figure 8 and data not shown).

Ascorbic Acid Does Not Consistently Protect From EBV Lymphoma in an Animal Model

SCID mice injected i.p. with EBV-transformed B cells (LCLs), develop EBV-positive 

lymphomas that express viral proteins similar to those found in immunocompromised 

patients with EBV lymphoproliferative disease [29]. Groups of 10 animals each were 

inoculated with 1 × 106 LCLs i.p. and 7-10 days later treatment with ascorbic acid (4g/kg) or 

NaCl (0.5M) was initiated. The animals were treated 5 days a week for 6 weeks. There was 

no improvement in survival of mice that received ascorbic acid as compared to the controls 

(Figure 9).

SCID mice injected s.c. with EBV-transformed B cells also develop EBV-positive tumors at 

the location of the injection [30]. Therefore, animals were inoculated s.c. with 5 × 106 LCLb 

s.c. and 10 or 17 days after inoculation, the animals were divided into 2 treatment groups of 

at least 10 animals per group based on the size of palpable masses. Animals were then 

treated with either ascorbic acid (4 g/kg) or NaCl (0.5M) for 5 days a week for 70 or more 

days and then sacrificed. Neither of the ascorbic acid treatment groups showed a difference 

in survival or a difference in average tumor mass compared to the NaCl treated groups 

(Figure 10). Similar results were seen in two additional experiments (data not shown). Since 

we did not see an effect of ascorbic acid after i.p. injection of EBV transformed B cells, we 

determined if the location of the B cells might have an effect on plasma levels of ascorbic 

acid in the treated animals. Animals were inoculated with 1 × 106 cells i.p. or 5 × 106 cells 

s.c. and 7 days later they received ascorbic acid (4g/kg) i.p. 5 days a week. On the 10th day 

of treatment, the animals were bled 2 hr after injection with ascorbic acid and plasma levels 

of ascorbic acid were measured. Animals that received EBV transformed B cells i.p. had 

significantly lower plasma levels of ascorbic acid compared to those injected with cells s.c. 

(Figure 11). This suggests that accelerated ascorbic acid degradation in the peritoneal cavity 

is induced when EBV transformed B cells are inoculated i.p. thereby decreasing formation 

of hydrogen peroxide which is necessary for ROS formation.

DISCUSSION

We have shown that ascorbic acid induces cell death in EBV-positive and EBV-negative cell 

lines and that Burkitt lymphoma cell lines are more susceptible than EBV-transformed B 

cell lines. The EC50s for EBV-positive B cells were lower than that reported for other 

human tumor cell lines that have been reported previously [19-21]. In these prior studies 

pharmacological doses of ascorbic acid decreased the growth rate of tumors in mice injected 

with human tumor cell lines [20,21]. Therefore, we tested EBV-positive cell lines that were 

more sensitive to ascorbic acid-mediated cell death than other cell lines to determine if the 

drug would reduce the growth of tumors in SCID mice. Surprisingly, we did not observe a 

consistent prolongation of survival in animals treated with ascorbic acid. Such disparity 

between in vitro sensitivity and in vivo efficacy for experimental cancer cell lines and 

pharmacologic levels of ascorbic acid has not been previously reported. This may have been 
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due to lower plasma levels of ascorbic acid after i.p. inoculation of animals with EBV-

transformed B cells in the peritoneal cavity. Protein levels in peritoneal fluid are markedly 

increased in the presence of tumor cells (i.e. exudative ascites) and this could result in 

increased protein binding to ascorbic acid which could reduce its activity, or increase the 

level of a host factor that consumes ascorbic acid, thereby lowering the concentration for 

generation of ROS and reducing death of EBV-transformed cells.

Ascorbic acid-induced cell death was due to the production of ROS. It is known that ROS 

are essential for biological function and that the levels of ROS in cells are tightly regulated. 

However, significant increases in cellular ROS levels are able to cause cell damage and cell 

death (reviewed in [31]). Ascorbic acid-induced production of ROS, leads to the production 

of hydrogen peroxide which in turn can be converted to highly reactive hydroxyl radicals. 

Several studies have shown that when various cancer cell lines are treated with ascorbic acid 

at pharmacological concentrations, cell death is through ROS and hydrogen peroxide 

production [20,21,32] and that pretreating cells with catalase, a powerful antioxidant which 

destroys hydrogen peroxide, can protect cells from ascorbic acid-induced cell death [19]. 

Similarly, we found that EBV-positive Burkitt lymphoma cells as well as EBV-positive 

transformed B cells were protected from ascorbic acid-induced cell death when treated with 

catalase. In contrast, we did not detect any evidence that cell death was induced through 

apoptosis.

Although recent results are promising [24], there is currently much controversy about the 

role of ascorbic acid in the treatment of various cancers, including the route of delivery, the 

levels in the blood, and as a component of combination therapy. As reviewed elsewhere, 

plasma concentrations after oral dosing of ascorbic acid are tightly controlled and do not 

exceed 100 μM; however, when administered intravenously, plasma concentrations of 

ascorbic acid can reach 20 mM [22,23]. We found that EBV-positive Burkitt lymphoma 

cells and EBV-transformed cell lines were killed in vitro with EC50s ranging from 0.25-0.80 

mM, well within the range of serum levels after intravenous (but not oral) dosing in humans. 

We previously showed that bortezomib, a proteasome inhibitor used to treat certain B cell 

tumors (multiple myeloma and mantle cell lymphoma), kills EBV-transformed B cells and 

EBV-positive Burkitt lymphomas cells. Previous studies examining combination of 

bortezomib and ascorbic acid in multiple myeloma cells in vitro have yielded conflicting 

results. One study showed ascorbic acid at physiological concentrations is not antagonistic 

to bortezomib in vivo for prostate cancer cells [33], while another study showed that 

ascorbic acid at physiological concentrations is antagonistic to bortezomib in vivo for 

multiple myeloma cells [34]. Our results show that at pharmacological concentrations, 

ascorbic acid treatment is highly antagonistic towards bortezomib in vitro for EBV-positive 

B cells. Interestingly, ascorbic acid was not antagonistic to bortezomib in multiple myeloma 

cells in vitro when ascorbic acid treatment was delayed 4-8 hr after treatment with 

bortezomib [28]. Ascorbic acid binds to bortezomib with a dissociation constant of 645 

μmol/L that likely inactivates bortezomib [35].

We have shown that although pharmacologic concentrations of ascorbic acid induced cell 

death of EBV-positive Burkitt lymphoma cells and EBV-transformed cell lines in vitro, 

ascorbic acid did not consistently delay development of EBV tumors in SCID mice. These 
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studies emphasize the importance of testing promising in vitro treatment in animal models to 

learn whether the same effects are observed in vivo as in vitro.
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Figure 1. Ascorbic acid kills EBV-positive and EBV-negative cell lines
A and B. Cells were treated with various concentrations of ascorbic acid for 72 hr and cell 

viability was analyzed using alamar blue. Ascorbic acid killed EBV transformed (LCLa and 

LCLb), EBV-negative Burkitt lymphoma (BL30 and BJAB), and EBV-positive Burkitt 

lymphoma (Akata, Kem I, and Mutu I) cell lines in a dose-dependent manner. A 

representative experiment is shown in which each point represents the mean of triplicate 

replicates. C and D. Cells were treated with treated with 2 mM ascorbic acid for 24, 48, or 

72 hr and cell viability was analyzed using alamar blue. For all cell lines tested, ascorbic 

acid induced cell death increased with length of treatment. A representative experiment is 

shown in which each point represents the mean of triplicate replicates.
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Figure 2. Ascorbic acid does not induce apoptosis in EBV-positive and negative B cell lines
LCLa, LCLb, BJAB, and Kem I cells were treated with various concentrations of ascorbic 

acid and apoptosis was evaluated by annexin V/7-AAD staining and flow cytometry after 24 

hr. Similar results were obtained 48 hr after treatment with ascorbic acid.
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Figure 3. Caspase 3 cleavage is not induced by ascorbic acid
Cells were treated with 2 mM ascorbic acid for 8, 24, or 48 hr, lysates were prepared and 

analyzed by immunoblotting with anti-caspase 3 antibodies. Numbers at left indicate 

molecular masses in kilodaltons. Top panel shows uncleaved caspase 3 and lower panel 

shows caspase 3 cleavage products. Caspase 3 is 35 kD and cleaved caspase 3 is 15 and 17 

kD.
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Figure 4. Q-VD, a general caspase inhibitor, does not protect from ascorbic acid-induced cell 
death
A. LCLa and LCLb (type III latency) and B. Akata and Kem I (type I latency). Cells were 

pretreated with 50 μM Q-VD for one hr prior to treatment with ascorbic acid for 72 hr and 

then cell viability was analyzed using alamar blue. LCLa treated with bortezomib +/

−pretreatment with Q-VD was used as a positive control for apoptosis-induced cell death. 

Samples were analyzed in triplicate and a representative experiment is shown.

Shatzer et al. Page 14

Leuk Lymphoma. Author manuscript; available in PMC 2014 June 12.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 5. Ascorbic acid does not induce EBV lytic reactivation
Cells were treated with 2 mM ascorbic acid for 8, 24, or 48 hr, and lysates were analyzed by 

immunoblotting with an anti-BZLF-1 antibody. Arrow indicates BZLF-1 protein. Cell lysate 

from 293T cells transfected with a BZLF-1 plasmid was used as a positive control.
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Figure 6. Catalase protects EBV-positive and EBV-negative B cells from ascorbic acid-induced 
cell death
Cells were treated with 0.1 mg/mL catalase and ascorbic acid for 72 hr then cell viability 

was analyzed using alamar blue. Samples were analyzed in triplicate and a representative 

experiment is shown. Catalase protection was more evident for BL30 cells treated with 

1mM ascorbic acid and Kem I cells treated with 2mM ascorbic acid in other experiments 

(data not shown).
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Figure 7. Ascorbic acid is antagonistic to bortezomib based on isobologram plots of lymphoma 
cell lines
A. LCLa. B. LCLb. C. Akata. D. Kem I. Lines connect the dose required to achieve 

EC50, 75, 90 levels of cytotoxicity for exposure to either bortezomib (y axis) or ascorbic acid 

(x axis) alone. Single points not on the x or y axes indicate the dose required to achieve 

EC50, 75, 90 levels of cytotoxicity with bortezomib and ascorbic acid combined at molar ratio 

of 1:50,000. Distance above the lines indicates the degree of antagonism. Cytotoxicity was 

determined in at least 3 individual experiments per cell type by triplicate alamar blue 

viability assay determinations at 72 hr post-exposure.
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Figure 8. Ascorbic acid inhibits the activity of bortezomib even when treatment with ascorbic 
acid is delayed
A. LCLa, B. Akata. Cells were treated with various concentrations of bortezomib for 4 or 8 

hr before the addition of 1mM ascorbic acid (4 hr or 8 hr), and after 72 hr viability was 

analyzed using alamar blue. Samples were analyzed in triplicate and a representative 

experiment is shown.
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Figure 9. Ascorbic acid does not increase survival of SCID mice inoculated intraperitoneally 
(i.p.) with LCLs
Groups of 10 animals each were inoculated with 1 × 106 LCLs i.p. and 7-10 days later 

treatment with ascorbic acid or NaCl was begun. The animals were treated with 4 g/kg of 

ascorbic acid or 0.5 M NaCl 5 days a week for 6 weeks and survival of the animals was 

followed for 120 days.
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Figure 10. Ascorbic acid does not prolong survival or affect the size of masses in SCID mice 
inoculated subcutaneously (s.c.) with LCLs
Animals were inoculated with 5 × 106 LCLb s.c and 10 or 17 days after inoculation, animals 

were divided into treatment groups of 10 animals (10 days post-inoculation, Panels A, B) or 

of 30 animals (17 days post-inoculation, Panels C, D). Animals were treated with either 4 

g/kg of ascorbic acid or 0.5M NaCl until the end of the experiment. At the time of 

euthanasia, the masses were excised and weighed. Panels A and C show survival curves and 

Panels B and D show average weight of excised masses. Error bars in panels B and D 

represent standard errors.
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Figure 11. Mice inoculated intraperitoneally (i.p.) with LCLs have significantly lower levels of 
ascorbic acid in plasma compared to mice inoculated subcutaneously (s.c.) with LCLs
Mice were inoculated with LCLs and commencing ten days post-inoculation, animals were 

treated for 10 days with 4g/kg of ascorbic acid. Peripheral blood was collected and plasma 

isolated and tested for levels of ascorbic acid by HPLC.
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Table I
EC50s for EBV-positive and negative B cell lines treated with ascorbic acid

Each value represents the average of four experiments that were performed in triplicate as well as the SD for 

the data. The final column shows the EBV latency state of each cell line.

Cell Line EC50 (mM) SD EBV Latency State

LCLa 0.66 0.42 3

LCLb 0.78 0.21 3

BL30 0.41 0.03 EBV-negative

BJAB 0.66 0.13 EBV-negative

Akata 0.25 0.07 1

Kem I 0.31 0.10 1

Mutu I 0.63 0.46 1
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Table II
Combination Index values for bortezomib and ascorbic acid regimens in lymphoma cells

Combination Index (CI) is a quantitative measure of the degree of bortezomib:ascorbic acid interaction in 

terms of synergism (CI < 1), additive effect (CI = 1), or antagonism (CI > 1) for a given measurement of 

cytotoxicity (EC50, 75, 90). Drugs were tested as either a single agent or 1:50,000 bortezomib:ascorbic acid 

ratio. Cytotoxicity was determined in at least 3 individual experiments per cell type by triplicate alamar blue 

viability assay determinations at 72 post-exposure. r2: linear regression.

Cell line CI EC50 CI EC75 CI EC90 r2

LCLa 6.9 7.0 7.0 0.889

LCLb 4.7 8.3 14.7 0.973

Akata 1.4 2.3 3.8 0.885

Kem I 2.6 6.3 15.3 0.944
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