
ATCC® No./Designation Source

xCElligence

Sensitivity/EC 50

Cytotoxicity 

Sensitivity/EC 50

CRL-2190Ê (HK-2) (Human Kidney) Not sensitive N/A

CRL-2285Ê (Super Tube) (MDCK Clone) 0.608 nM 0.822 nM

CRL-2286Ê (Super Dome) (MDCK Clone) 0.274 nM 0.299 nM

CRL-1718Ê (CCF-STTG1) (Human Brain) Inconclusive N/A

HTB-11Ê  (SK-N-SH) (Human Brain) Inconclusive N/A

HTB-14Ê (U-87 MG) (Human Brain) Inconclusive N/A

CCL-250Ê (SNU-C2B) (Human Cecum ) 32.9 nM 89.3 nM

CCL-247Ê (HCT-116) (Human Colon) 21.2 nM* 23.5 nM

CRL-2170Ê (SW 1573) (Human Lung) N/A Mild sensitivity

CCL-30Ê (RPMI-2650) (Human Nasal Septum) N/A Mild sensitivity

HTB-43Ê (FaDu) (Human Pharynx) N/A¥ 56.9 nM

CCL-185Ê (A549) (Human Lung) Not sensitive N/A

CRL-13001Ê (BHK21-pcDNA3.1-HC ) (Hamster Kidney) Not sensitive N/A

HTB-37Ê (Caco-2) (Human Colon) Not sensitive N/A

CRL-2762Ê (SQMK-FP) (Monkey Kidney) [11.5 nM] [11.2 nM]

CRL-2005Ê (DI TNC1) (Rat Brain) 7.0 nM 12.6 nM

CRL-2006Ê (CTX TNA2) (Rat Brain) 8.8 nM 7.6 nM

CCL-241Ê (FHs 74Int) (Human Small Intestine) Inconclusive Inconclusive

CCL-81Ê (Vero)§ (Monkey Kidney) 15.1 nM** 27.2 nM

Conclusions and Future Studies
1. Nine authenticated human and animal cell lines with previously unknown sensitivity (bold in Table

1) to epsilon toxin were identified, expanding in -vitro modeling capabilities for systems biology

investigation of toxin receptor and cell -trafficking mechanisms . This discovery provides tools to

enhance cell -based toxin inhibition, treatment and countermeasure research and development .

Two cell lines (ATCC CRL-2285Ê and CRL-2286Ê) exhibited exceptional sensitivity at lower toxin

concentrations than that of the most sensitive cell line known previously (EC50ôs0.822 nM and

0.299 nM vs. 23.4 nM/1 nM and 10nM) .

2. The Roche xCELLigence SystemôsEC50 data correlated closely with the classical cytotoxicity

methodôsfindings but provided a higher throughput screening capability, greatly increased data

generation capability and decreased dose -response curve residuals .

3. Blebbing and apparent syncytia were observed in some but not all cell lines, which indicates

differential cell response mechanisms and imbalance in membrane ion permeability . Sensitive cell

lines display varying degrees of sensitivity . Comparison studies of these differences may better

illuminate epsilon toxinôsmechanism of action .

4. Future work to clarify epsilon toxinôsmechanism of action using these findings are planned .
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Abstract
The pore-forming epsilon toxin, produced by the ubiquitous anaerobe Clostridium perfringens, is a

CDC/USDA overlap class B select agent and is of particular concern to the agricultural and biodefense

communities. It is anticipated that increased availability of human and animal epsilon-sensitive cell lines will

facilitate research towards cellular receptor discovery and a greater understanding of trafficking mechanisms,

subsequently strengthening the basis for toxin inhibition, treatment and countermeasure development.

ATCCôsextensive cell biology collection was reviewed for promising epsilon-sensitive candidates, which were

selected, then ranked according to target tissue, species origin and other criteria. Nineteen cell lines were

chosen and screened for toxin susceptibility using the real-time, label-free, Roche xCELLigenceÊ System,

which measures changes in impedance, the measurement of resistance to alternating current (AC). As cells

attach and spread across the 96-well plateôsimprinted microcircuits, impedance values increase and are

expressed by a curve tracing. Cellular disruptions, such as cell rounding or detachment conversely lower

impedance values. Cell lines identified to be susceptible to the preliminary toxin challenge (100nM) were

subsequently evaluated with a more expansive dosage range to determine EC50ôsand time to cytotoxicity.

This work was performed using the xCELLigence System and a parallel battery of complimentary tests

including a classical cytotoxicity assay, observation of cell morphology and the use of fluorescent cellular

staining dyes to verify observed xCELLigence System and cytotoxicity assay data and to investigate

observed blebbing and apparent syncytia formation in some cell lines. Eleven cell lines showed increased

sensitivity with nine of these exhibiting EC50ôsbelow 100nM. Two cell lines exhibited significantly greater

sensitivity than the most sensitive cell line currently known. The identification of authenticated human and

animal cell lines with differential responses to epsilon toxin provides a diverse platform to investigate systems

biology of receptor and cell-trafficking mechanisms for the purpose of cell-based toxin inhibition, treatment

and countermeasure development.

Introduction
Of the five subtypes of Clostridium perfringens, subtypes B and D produce epsilon toxin1, a highly potent beta

pore-forming toxin of agricultural and biodefense concern. Epsilon toxin is secreted as a protoxin and must be

activated by proteolytic enzymes2. In animals, the activated form produces edema, swollen kidneys, necrosis

and neurological disorders3. It is classified as a select agent, included on the NIAID Category B priority

pathogen list and one of the most potent clostridial toxins known4. Comparatively little is known about its

cellular receptor(s) and mechanism of action so further research is vital. Though four known sensitive cell

lines exist, only two are widely available (MDCK and G-402). Therefore, our goals were to evaluate the

Roche xCELLigence System as a means of rapidly screening cell lines for activated epsilon toxin sensitivity

and to expand in-vitro modeling capabilities.

Materials and Methods
ATCC® Cell Lines Used in This Study :

The panel of cell lines used in this study are located in Table 1.

Cell Culture and Maintenance : Cell lines were cultured in T-75 vented-cap flasks (Corning, Inc., Lowell, MA)

using the designated cell culture medium (ATCC, Manassas, VA) containing the specified percentage of heat

inactivated FBS (ATCC, Manassas, VA), per ATCC protocols. Cells were passaged approximately every 3 ½

days.

Roche xCELLigence System Assays : 100 µL of appropriate media were added to the designated wells of

the 96-well E-Plate (Roche Applied Science, Indianapolis, IN). E-Plate baseline impedance was established,

after which, cells were seeded at 20,000 cells/well and incubated at room temperature for 30 minutes. E-plate

was subsequently inserted into the RTCA SP Station and readings taken every 15 minutes. Following a 24

hour growth period, 100 µL of media was removed from each well and replaced with 100 µL of the

appropriate activated epsilon toxin (BEI Resources, NR-4670) concentrations or media (negative control) and

readings were resumed. An initial screen was performed on all cell lines to determine sensitivity. Susceptible

cell lines were then characterized more extensively using the xCELLigence system and cytotoxicity assays as

described below.

Cytotoxicity Assays: 

Cytotoxicity was determined using the method of Schmitt et al. 19915. Cells were seeded at 20,000 cells/well

in a 96-well plate and incubated for approximately 24 hours at 37OC. Afterwards, culture medium was

removed and activated epsilon toxin, diluted in media to appropriate concentrations, was added to the cells

and incubated for an additional 24 hours. Next, media was removed and the cells fixed with 10% formalin for

30 minutes and stained for approximately 1.5 hours with 0.13% crystal violet solution. Stain was removed and

plates rinsed with water. After air-drying, dye was solubilized with 70% methanol, the plate shaken for

approximately three minutes and absorbance read on a SpectraMax® M2 plate reader (Molecular Devices,

Sunnyvale, CA) at 600 nm.
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Figure 2: Toxin challenged ATCC CRL-2762 (squirrel monkey kidney cells) produces changes in cell morphology . (A,B) Cells were

incubated for 24 hours with 100 nM activated epsilon toxin following 24 hours of growth. (C,D) Negative control. (E,F) Additional photos showing

blebs and apparent syncytia. Cells were stained with DAPI and Texas Red® C2 Maleimide to highlight the nuclei and membrane respectively, and

photos were taken using fluorescent (A,C,E) or phase (B,D,F) microscopy. Apparent syncytia and blebbing were observed following toxin

challenges. The inset photos were cropped from other photos using the same cells under identical conditions. White arrows in photo insets identify

apparent membrane blebs. These results indicate potential disruptions in membrane function and ion fluctuation.

Table 1: Cell line sensitivity and EC50ôs(if applicable) produced by activated epsilon toxin . ñMild sensitivityòsignifies an observed dose-

response effect, yet the highest employed toxin concentration fell short of producing an EC50 following 24 hour incubation. ñNotsensitiveòsignifies

no cytotoxicity observed at maximum dose concentration of 100 nM. ñInconclusiveòindicates sensitivity testing results were inconclusive at

maximum dose concentration of 100 nM. Further testing is required to establish sensitivity. ñN/Aòdenotes the cell line was not assayed. * n=3 (all

other values are n=6); ¥Cells did not grow sufficiently on E-plate, therefore, cell line was not assayed; ÿ72 hour data point following toxin addition.

All other EC50ôswere calculated at the 24 hour point following toxin addition. Microscopy indicated that bracketed values represented cessation of

growth and morphology changes instead of cytotoxicity. §Vero cells previously reported as not sensitive6. ** 36 hour data point following toxin

addition.

The two widely available cell lines with known sensitivity to epsilon toxin, MDCK (ATCC CCL-34) and G-402 (ATCC CRL-1440) were assayed in-

house using cytotoxicity assays to establish a baseline. Results were EC50: 23.4 nM (low passage MDCKôsï<20), EC50: 1 nM (high passage

MDCKôsï>30) and EC50: 10 nM (G-402).
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Results and Discussion
Nineteen cell lines were assayed for activated epsilon sensitivity using the xCELLigence

System and cytotoxicity assays; three representatives were selected and displayed in Figure 1.

Figure 1: xCELLigence System and cytotoxicity assay data for three cell lines . (A,B,C) xCELLigence System impedance profiles (n=3)

representing effects of multiple toxin concentrations over time. (D) Endpoint results of classical cytotoxicity assays following 24 hour toxin

incubations. An identical panel of toxin concentrations were used for both assays. Error bars indicate standard deviation.
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