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Abstract

HSP90 inhibitors have been shown to kill Epstein-Barr virus (EBV)-infected cells by reducing the 

level of EBV EBNA-1 and/or LMP1. We treated virus-infected cells with ganetespib, an HSP90 

inhibitor currently being evaluated in multiple clinical trials for cancer, and found that the drug 

killed EBV-positive B and T cells and reduced the level of both EBV EBNA-1 and LMP1. 

Treatment of cells with ganetespib also reduced the level of pAkt. Ganetespib delayed the onset of 

EBV-positive lymphomas and prolonged survival in SCID mice inoculated with one EBV-

transformed B cell line, but not another B cell line. The former cell line showed lower levels of 

EBNA-1 after treatment with ganetespib in vitro. Treatment of a patient with T cell chronic active 

EBV with ganetespib reduced the percentage of EBV-positive cells in the peripheral blood. These 

data indicate that HSP90 inhibitors may have a role in the therapy of certain EBV-associated 

diseases.
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Introduction

Epstein-Barr virus (EBV) is associated with several malignancies including Hodgkin 

lymphoma, Burkitt lymphoma, non-Hodgkin lymphoma, T cell lymphoma, nasopharyngeal 

carcinoma, and gastric carcinoma [1]. While cytotoxic chemotherapy, radiation, and surgery 

are effective for many patients with these diseases, others suffer relapses, have long-term 

side effects associated with chemotherapy, or develop secondary malignancies. Thus, there is 

a need for additional therapies.
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Heat shock proteins are molecular chaperones that are important for protein folding after 

translation and reduce protein aggregation during cellular stress [2]. Heat shock proteins are 

thought to be particularly important to stabilize oncoproteins that are frequently mutated or 

expressed at high levels in tumor cells often located in low oxygen and acidic environments. 

Heat shock proteins are also important for growth of viruses that rapidly produce large 

quantities of foreign proteins in the cell [3, 4].

Heat shock protein 90 (HSP90) and HSP70 are induced in B cells early during EBV 

infection [5]. HSP90, but not HSP70, is expressed on the surface of EBV-transformed B 

cells [6] HSP90 is upregulated in biopsies from patients with EBV-positive post-transplant 

lymphoproliferative disease [7].

EBV EBNA-1 along with LMP1 and LMP2 are expressed in EBV-transformed B cells and 

EBV-positive Hodgkin lymphoma, T cell lymphoma, nasopharyngeal carcinoma, and many 

non-Hodgkin lymphomas [1]. Inhibition of HSP90 with 17-DMAG, 17-AAG, or 

geldanamycin reduced expression of EBNA-1, but not LMP1 in EBV-transformed B cells 

and EBV-positive Burkitt lymphoma cells in vitro [8]. 17-DMAG killed EBV-transformed B 

cells in vitro and 17-AAG inhibited tumor formation when the transformed B cells were 

implanted into SCID mice. In contrast, 17-AAG reduced expression of LMP1, but not 

EBNA-1, in EBV-positive NK cells [9]. 17-AAG also killed EBV-positive NK cells in vitro 

and inhibited growth of tumors when the cells were inoculated into NOG mice. Another 

HSP90 inhibitor, BIIBO21 inhibited expression of both EBNA-1 and LMP1 in EBV-positive 

T and NK cells, decreased the viability of the cells, and inhibited the growth of EBV-positive 

NK cells after implantation in NOG mice [10]. Geldanamycin also killed EBV-positive NK-

T lymphoma cells [11] and another HSP90 inhibitor, AT13387, reduced tumor formation in 

nude mice injected with EBV-positive nasopharyngeal carcinoma cells [12].

HSP90 inhibitors also can inhibit expression of other viral and cellular proteins in virus-

infected cells. 17-DMAG reduced the expression of several herpesvirus protein kinases, 

including EBV BGLF4, cytomegalovirus UL97, and Kaposi’s sarcoma associated 

herpesvirus (KSHV) protein kinase [13]. Geldanamycin inhibited expression of cdc2 and 

Akt, and reduced phosphorylation of Akt in EBV-infected B and NK-T cells [11, 13]. 

Another HSP90 inhibitor, AT13387, reduced expression of Akt, pAkt, EGFR, CDK2, 

CDK4, and Skp2 in EBV-positive nasopharyngeal carcinoma cells [13]. Treatment of 

KSHV-positive primary effusion lymphoma cells with another HSP90 inhibitor, PU-H71, 

showed that the inhibitor interacted with numerous cellular proteins important for NF-κB 

activation, apoptosis, autophagy, Akt activation, IL-6 signaling, and angiogenesis [14].

Here we tested an HSP90 inhibitor, ganetespib, currently in multiple clinical trials, for its 

ability to kill EBV-positive B and T cells, its effect on expression of viral and cellular 

proteins, and its ability to reduce EBV-infected cells in a patient with chronic active EBV 

disease.
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Methods and Materials

Cell Lines and Reagents

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

lymphoma (BL) cell lines (Akata [15], Kem I and Mutu I [16]), EBV-negative Burkitt 

lymphoma cell lines (BJAB [17] and BL30 [18]), and an EBV-positive T cell line (SNT-16 

[19, 20]) were studied. All cells lines were propagated in RPMI 1640 medium supplemented 

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

medium for the SNT-16 cell line was also supplemented with 600 units/mL IL-2 (NCI 

Biological Resources Branch, Frederick, MD). Ganetespib was provided by Synta 

Pharmaceutical Corp. (Lexington, MA) and was dissolved in dimethyl sulfoxide (DMSO) as 

a 10 mM stock.

Cell Viability Assay

Cells (4-6 × 104 cells) were cultured in flat bottom wells of a 96-well plate at 37°C in RPMI 

1640 medium with 10% FBS in the presence of ganetespib for three days. To measure 

viability, cells were incubated for 2 hr at 37°C with a 1:1 mixture of alamarBlue (Invitrogen, 

Carlsbad, CA) and RPMI 1640 medium with 10% FBS. Proliferating cells reduce 

alamarBlue to a fluorescent compound, which is quantified using a Syngeny 2 multiwell 

plate reader (BioTek, Winooski, VT) with excitation of 535 nm and emission of 595 nm. 

Trypan blue exclusion was used to measure viability of peripheral blood mononuclear cells 

(PBMCs), since these cells do not proliferate sufficiently in the absence of stimuli to reduce 

alamarBlue.

Immunoblots

Cells treated with ganetespib 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 a cocktail of 

protease inhibitors (Roche, Indianapolis, IN). Equal amounts of protein were fractionated on 

SDS-PAGE gels, transferred to nitrocellulose membranes, and probed with various 

antibodies. After washing, the membranes were incubated with anti-mouse or anti-rabbit 

antibodies conjugated to HRP, washed, and developed using enhanced chemiluminescence. 

The primary antibodies used were mouse anti-EBNA-1 (Fitzgerald Industries International, 

Acton, MA), mouse anti-LMP1 (DAKO, Carpinteria, CA), mouse anti-BZLF1 (Santa Cruz 

Biotechnology, Santa Cruz, CA), mouse anti-HSP70 (Enzo Life Sciences, Farmingdale, 

NY), rabbit anti-Akt and rabbit pAkt (S473) (Cell Signaling, Beverly, MA), and mouse anti-

β-actin (Sigma-Aldrich, St. Louis, MO) antibodies. For cell sorting, mouse anti-Vβ5.1 FITC 

(Beckman-Coulter) and CD4-PE (BioLegend) antibodies were used.

Animal Experiments

Female SCID mice, aged 4–6 weeks, were inoculated intraperitoneally with 1 × 106 LCLs 

and 7 days after inoculation began treatment with ganetespib. Animals were treated with 150 

mg/kg of ganetespib in DMSO diluted in a solution of 18% Cremophor® RH40 (Polyoxyl 

40 hydrogenated castor oil) and 3.6% dextrose or DMSO and vehicle control by tail vein 

injection one day a week for 6 weeks. Mice were observed daily for survival and were 
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autopsied to detect ascites and solid tumors. All mouse experiments were performed under a 

protocol approved by the Animal Care and Use Committee of the National Institute of 

Allergy and Infectious Diseases.

Treatment of patient with chronic active EBV infection

A 67-year-old man with T cell chronic active EBV and hydroa vacciniforme (previously 

reported in [21]) signed an informed consent on a study protocol approved by the 

Institutional Review Board of the National Institute for Allergy and Infectious Diseases. He 

was treated with ganetespib intravenously with the drug given in cycles of treatment for two 

consecutive weeks followed by no therapy for one week, in escalating doses from 60 to 150 

mg/M2 for a total of 8 cycles.

Fluorescence in situ hybridization

EBV genomes were detected in peripheral blood cells as previously described [22]. Briefly, 

cells were incubated for 15 min with a solution of 0.2N acetic acid, 0.02N HCl, in Tris HCl, 

placed onto glass microscope slides, fixed with BS3 (Thermo Fisher Scientific), 

permeabilized with Triton X-100, washed with PBS and incubated in RNAse T1 and RNAse 

A. The cells were then incubated in 0.1M Tris-HCl/0.1M glycine, washed in 2× SSC, 

incubated in hybridization buffer (Enzo Life Sciences), denatured at 94°C, hybridized to a 

biotinylated EBV BioProbe (Enzo Life Sciences) for 6 min at 85°C, and then hybridized 

overnight at 37°C. After extensive washing, the cells were incubated with Alexa 594-

conjugated streptavidin, and visualized with a confocal microscope. Photographs of serial z-

stack sections were obtained throughout the cells and then overlapped to quantify the total 

number of EBV genomes (each genome corresponds to one fluorescent spot).

Results

EBV-positive and EBV-negative B cell lines are equally susceptible to killing by ganetespib

EBV-positive and EBV-negative B cell lines were treated with various concentrations of 

ganetespib for 72 hr. Two of the EBV-positive Burkitt lymphoma cells which have a type 1 

latency pattern (Akata, Mutu I), both of the EBV-negative Burkitt lymphoma cell lines 

(BJAB and BL30), and both of the EBV-transformed B cells (LCLa and LCLb) were slightly 

more sensitive than the third EBV-positive Burkitt lymphoma cell line (Kem I). All cells 

except for the Kem I cells showed greater than 70% loss of cell viability at a dosage of 37 

nM ganetespib (Fig. 1A). At the same concentration of ganetespib, Kem I cells showed 

approximately 50% loss of cell viability. The average effective concentration at which 50% 

of the cells were killed (EC50) ranged from 19.5 nM to 22.5 nM ganetespib for the two 

EBV-transformed LCLs, while the EBV-negative cell lines (BJAB and BL30) had an EC50 

of 25.5 nM (Table I). The EBV-positive Burkitt lymphoma cells with a type 1 latency pattern 

(Akata, Kem I, and Mutu I) had EC50s that ranged from 25.5 nM to 37 nM. One EBV-

positive and one EBV-negative T cell line were also treated with different concentrations of 

ganetespib and the T cells were slightly less sensitive to ganetespib than the B cells (EC50 

for EBV-positive SNT16 cells was 41 nM) (Fig. 1B). The toxicity of ganetespib was also 

examined by treating freshly isolated human PBMCs with various concentrations of 
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ganetespib for three days at which time there was minimum toxicity at concentrations less 

than 250 nM of ganetespib (Fig. 1C).

Ganetespib reduces the level of EBV EBNA-1 and LMP1 in most EBV-positive cells lines, 
but does not induce lytic gene expression

We tested the effect of ganetespib on EBV protein expression in cell lines with each of the 

three patterns of EBV latency. In cells that possess a type 1 latency pattern (Akata, Kem I, 

and Mutu I), EBNA-1 is the only protein expressed. Cells that have a type 2 latency pattern 

(SNT16), express the EBNA-1, LMP1, and LMP2 proteins. All of the EBV-associated 

latency proteins are expressed in cells with a type 3 latency pattern (LCLa and LCLb). The 

cells were treated with ganetespib or DMSO vehicle control for 24 or 48 hr and lysates were 

prepared and immunoblotted to measure the expression of EBV latency proteins EBNA-1 

and LMP1 (Fig. 2A-C). EBNA-1 was reduced in all of the EBV-positive cells lines tested, 

LMP1 was reduced in most of the cells lines with EBV latency 2 or latency 3 pattern, and 

levels of β-actin were unchanged. LCLb consistently showed lower levels of EBNA-1, but 

not LMP1, after treatment with ganetespib.

Lytic replication of EBV is known to induce cell death; therefore, we determined if 

ganetespib induced virus replication in EBV-positive cells. Cells were treated with 

ganetespib for 24 or 48 hr and immunoblotted to measure expression EBV BZLF1, a marker 

of viral lytic replication. Lytic replication was not observed in any cell line tested (Fig. 2D).

HSP90 inhibitors also affect the level of expression of multiple cellular proteins in virus-

infected cells, including proteins in the Akt signaling pathway [11, 14]. Ganetespib reduced 

the level of pAkt in EBV-positive lymphocytes with type 1, 2, or 3 latency (Fig 2A-C).

Ganetespib delays the onset of EBV-positive lymphomas and prolongs survival in SCID 
mice inoculated with one EBV-transformed B cell line, but not another B cell line

SCID mice injected intraperitoneally with EBV-transformed B cells (LCLs) develop EBV-

positive lymphomas that express the same viral latency proteins found in lymphomas from 

immunocompromised patients [23]. To test the effect of ganetespib in SCID mice, animals 

were divided into groups of 10 mice and injected with 1 × 106 LCLa or LCLb cells 

intraperitoneally. Treatment with ganetespib (150 mg/kg) or control (DMSO) was started 7 

days post-inoculation of the cells. Animals were treated 1 day a week for 6 weeks. In two 

independent experiments, animals inoculated with LCLb showed an increase in survival 

after treatment with ganetespib, compared to those that received the vehicle control (Fig. 3A, 

B). In these two experiments 80% or 100% of the animals receiving ganetespib survived at 

120 days post-inoculation, while only 30% or 50% of the control animals survived for 120 

days. Autopsies on animals that died showed lymphomas in all cases. Lymphomas in mice 

inoculated with EBV LCLs (whether untreated or treated with ganetespib) involved the 

abdominal wall, and adhered to the mesentery; in some animals, masses are observed that 

adhered to the outside of the liver and intestine. However, lymphoma was not observed 

inside the liver or the spleen. In contrast, animals inoculated with LCLa showed no 

improvement in survival after treatment with ganetespib compared to those that received the 

vehicle control (Fig. 3C, D). All of the animals that died had lymphomas at autopsy. While 
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animals receiving LCLb and the control vehicle died at a mean of 100 days after inoculation 

with EBV-transformed B cells, animals receiving LCLa and the control vehicle died a mean 

of 40 days after receiving these cells. Thus, ganetespib was more effective for the treatment 

of EBV-transformed B cells that were less malignant in vivo. In addition, as noted above, 

LCLb had lower levels of EBNA-1, but not LMP1, after treatment with ganetespib than 

LCLa.

Ganetespib reduces the percentage of EBV-positive cells in the peripheral blood of a 
patient with chronic active EBV disease

To determine if ganetespib would be effective in humans with EBV disease, we treated a 67-

year-old man with T cell chronic active EBV and hydroa vacciniforme who had a very high 

level of EBV DNA in the peripheral blood (ranging from 100,000 to 5 million copies per 

ml), with virus-infected T cells in the skin and blood [21]. The patient had a Vβ5.1+CD4+ T 

cell clone in the peripheral blood that was EBV-positive. The patient had not responded to 

prior therapy with interferon-α, lenalidomide, hydroxyurea, or vorinostat and ganciclovir.

The patient received 60 mg/M2 of ganetespib intravenously for two consecutive weeks 

followed by one week with no therapy, then 80 mg/M2 of ganetespib intravenously for two 

consecutive weeks, followed by one week with no therapy, then 120 mg/M2 of ganetespib 

intravenously for two consecutive weeks, followed by one week with no therapy, and finally 

150 mg/M2 of ganetespib intravenously for two consecutive weeks. The patient tolerated the 

medication well, with only mild episodes of loose stools (the most common side effect of 

ganetespib) that were easily controlled with loperamide.

The percentage of EBV-positive cells in the peripheral blood, measured by fluorescence in 

situ hybridization using an EBV DNA probe, declined by about 50% after treatment with 

120 mg/M2 ganetespib and remained at about 50% after treatment with 150 mg/M2 

ganetespib (Fig. 4A). In contrast the level of EBV DNA in the blood, measured by PCR, 

showed no difference during therapy (Fig. 4B).

To verify that ganetespib levels in the blood were sufficient to have a pharmacologic effect 

on HSPs, we measured the level of HSP70 in the patient’s blood 2 days after receiving 

gantespib. It has been reported that HSP90 inhibitors reduce the binding of HSP90 to heat 

shock factor 1, allowing the latter to bind to heat shock elements on the HSP70 gene 

promoter resulting in increased HSP70 [24]. Treatment of the patient with ganetespib 

increased the level of HSP70 (Fig. 4C), indicating that ganetespib levels in the blood were 

affecting HSPs.

Discussion

We found that ganetespib, an HSP90 inhibitor, killed EBV-positive B and T cell lines with 

various patterns of EBV latent gene expression, reduced levels of EBNA-1 and LMP1 in the 

cells, and inhibited activation of Akt in vitro. In vivo, ganetespib delayed the time to 

development of lymphoma in mice inoculated with one, but not another, EBV-transformed B 

cell line and reduced the percentage of EBV-positive cells in the peripheral blood of a 

patient with chronic active EBV disease.
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Ganetespib is a resorcinol-containing triazole HSP90 inhibitor that is currently in 18 clinical 

trials including phase 1/2 or phase 2 trials for breast, ovarian, and non-small cell lung cancer, 

malignant peripheral nerve sheath tumor, mesothelioma, and ocular melanoma as well as a 

phase 2/3 trial for acute myeloid leukemia [25, 26]. While over 1,300 patients have been 

treated with the drug, use of ganetespib has not been reported in persons with EBV-related 

diseases.

Ganetespib showed a similar level of effectiveness for killing EBV-positive and EBV-

negative B cells in vitro. In contrast, the level of drug required to kill an EBV-positive T cell 

line was about two-fold higher than most of the B cell lines. EBV-positive T cell 

malignancies are generally more difficult to treat than EBV-positive B cell cancers; thus, we 

tested ganetespib in a patient with chronic active EBV disease with EBV predominantly in T 

cells.

Ganetespib reduced the levels of both EBV EBNA-1 and LMP1 in EBV-positive B and T 

cell lines. Prior studies with HSP90 inhibitor 17-AAG showed that it reduced EBNA-1 

expression in EBV-positive B cells [8], and LMP1 in EBV-positive T cells [9]. A recent 

report described another HSP90 inhibitor, B11B021, which reduced the level of both 

EBNA-1 and LMP1 in EBV-positive B and T cell lines [10]. Thus, ganetespib resembles 

B11B021 more than 17-AAG, which inhibits either EBNA-1 [8] or LMP1 [9] depending on 

the cell line tested. Ganetespib reduced the level of activated Akt in EBV-transformed cells 

and in EBV-negative B and T cell lines and has been shown to reduce Akt activation in other 

cell types as well [27–29]. Down-regulation of Akt has been postulated to explain the 

mechanism of cell death caused by geldanamycin in other EBV-infected cells [11].

Treatment of SCID mice with ganetespib, after the animals were inoculated with two 

different LCLs, showed that ganetespib prolonged survival in mice that received LCLb, but 

not LCLa. The EC50s for these two cell lines was very similar in vitro (19.5 for LCLb and 

22.5 for LCLa); however, LCLb showed consistently increased downregulation of EBNA-1 

with ganetespib compared to LCLa. This suggests that reduction of EBNA-1 may be more 

important than LMP1 for the ability of ganetespib to kill EBV-transformed B cells.

While ganetespib reduced the percentage of EBV infected cells in the peripheral blood of 

our patient, it did not reduce the level of EBV DNA. If ganetespib kills EBV-infected cells, 

viral DNA can be released from tissues or peripheral blood cells into the plasma and assays 

of whole blood (which includes PBMCs and plasma) may not show a change until the viral 

DNA is cleared. Thus, the percentage of EBV-infected B cells likely indicates the initial 

effect of a drug that kills virus-infected cells, while a longer course of therapy may be 

needed to see a change in the viral load in whole blood. In fact, patients with XMEN disease 

and mutations in MAGT1 who were treated with magnesium supplementation and whose 

level of EBV-infected cells in the blood rapidly declined [30], did not show a fall in the level 

of EBV DNA in whole blood until several months of continuous therapy (Chaigne-

Delalande and Lenardo, unpublished data).

In our patient, it is possible that the dosing frequency of ganetespib used (once a week for 

two of every three weeks) was insufficient for the drug to be effective, and in some clinical 
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studies the drug is given twice weekly. It is also likely that the drug would be more effective 

when used in combination with other drugs. Resistance to therapy may be less likely to 

occur with ganetespib and other HSP90 inhibitors than with other chemotherapeutic drugs 

for EBV lymphoma, since HSP90 inhibitors act on latent and lytic viral as well as cellular 

proteins so mutations would presumably need to occur in multiple proteins. Thus, if able to 

be tolerated for sufficient periods of time, ganetespib and other HSP90 inhibitors may be 

useful agents as part of a chemotherapeutic regimen for EBV-associated malignancies.
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Figure 1. 
Ganetespib kills EBV-positive and EBV-negative cells lines in a dose-dependent manner. A. 

EBV-positive (LCLa, LCLb, Akata, Kem I, Mutu I) and EBV-negative (BJAB, BL30) cells 

were treated with increasing concentrations of ganetespib for 72 hr and cell viability was 

measured using alamarBlue. A representative experiment is shown in which each point 

represents the mean of triplicate replicates. B. EBV-positive (SNT16) and EBV-negative 

(Jurkat) cells were treated as in panel A. The experiment was repeated twice and a 

representative result is shown. C. Freshly isolated human PBMCs from different donors 
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were treated with increasing concentrations of ganetespib for 72 hr and cell viability was 

analyzed by trypan blue staining. Trypan blue staining was used to measure viability of 

PBMCs since the cells did not have sufficient metabolic activity to metabolize alamarBlue. 

The experiment was repeated twice with a total of 4 different donors and similar results were 

observed.
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Figure 2. 
Ganetespib reduces expression of EBNA-1, LMP1, and pAkt in EBV-positive cells. EBV-

positive latency type 1 Akata and Mutu I cells (A), latency type 3 LCLa and LCLb (B), 

latency type 2 SNT16 cells (C), and EBV-negative BJAB cells (A, B) and Jurkat T cells (C) 

were treated with 50 nM ganetespib (Ganet) or 0.05% DMSO (D) for 24 or 48 hr. Lysates 

were prepared and analyzed by immunoblotting with anti-EBNA-1, anti-LMP1, pAkt, Akt, 

and anti-β-actin antibodies. In panel A, top blot, the three lanes for the BJAB cells 

immunoblotted with antibody to pAkt are from the same blot as the Akata and Mutu I cells 

incubated with the antibody, but are a lighter exposure. Similar inhibition of EBNA-1, 

LMP1, and pAkt was seen when the cells were treated with 5 uM ganetespib (data not 

shown). (D) Cells were treated as in panel A-C and immunoblotted using an anti-BZLF1 

antibody. B95–8 cells treated with 12-O-tetradecanoylphorbol 13-acetate (TPA) and sodium 

butyrate (buty) were used as a positive control for BZLF1.
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Figure 3. 
Ganetespib increases survival of SCID mice inoculated intraperitoneally with LCLb, but not 

LCLa. Groups of 10 animals each were inoculated with 1 × 106 LCLb (A, B) or LCLa (C, 

D) intraperitoneally and 7 days later treatment with 150 mg/kg ganetespib or vehicle control 

was started. The animals were treated once a week for 6 weeks and survival of the animals 

was followed for 120 days. Each experiment was performed in duplicate and shown as A, B 

or C, D. Comparison of treated and untreated animals showed p=0.031 (A), p=0.011 (B), 

p=0.018 (C), and p=0.88 (D).
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Figure 4. 
Ganetespib reduces the percentage of EBV-infected cells, but not the level of EBV DNA, in 

the blood in a patient with hydroa vaccinforme and markedly elevated levels of EBV in the 

blood. A. PBMCs were isolated from blood, fluorescence in situ hybridization was 

performed using an EBV DNA probe, and the percentage of EBV infected cells was 

calculated. B. EBV DNA PCR was performed on peripheral whole blood from the patient 

before, during, and after ganetespib treatment. The dose of ganetespib (G) is indicated as 

mg/M2 (e.g. G60 is ganetespib 60 mg/M2). Arrows show doses of the drug. C. Peripheral 

blood mononuclear cells obtained before, and two days after, receiving 150 mg/M2 of 

ganetespib were sorted into Vβ5.1+CD4+ (+) and V β5.1−CD4+ (−) populations. Lysates 

obtained from equivalent numbers of cells from the two populations were run on gels and 

immunoblotting was performed with antibodies to HSP70 and β-actin.
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Table I.

EC50s for EBV-positive and EBV-negative B cell lines treated with ganetespib.

EC50 (nM)* SD EBV Latency State

LCLa 22.5 0.50 3

LCLb 19.5 1.5 3

BJAB 22.5 2.5 EBV negative

BL30 25.5 1.5 EBV negative

Akata 25.5 1.5 1

Kem1 37 2.0 1

Mutu I 26 4.0 1

SNT16 41.3 1.4 2

Jurkat 29.3 3.6 EBV-negative

*
EC50 is the effective concentration at which 50% of the cells were killed. Each value for the cells in the first seven rows represents the average of 

two experiments that were performed in triplicate, and for the last two rows each value is the average of three experiments; SD is the standard 
deviation of the data.
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