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Abstract

The unreliability of MTT assay

in primary cultured glioblastoma cells: A mechanism study

Hwa-Yeon Jo

Cancer Biology

The Graduate School

Seoul National University

MTT assay is commonly used to assess the cellular cytotoxicity caused by

the anticancer drugs in glioblastomas. However, there have been some

reports insisting that MTT assay had non-specific intracellular reduction

of tetrazolium to underestimate cellular cytotoxicity. The possibility

whether MTT assay lead to incorrect information about alcohol-induced

cytotoxicity on immortalized and primary cultured glioblastoma cells is

defined in this thesis. MTT assay was applied to assess the

ethanol-induced cytotoxicity by applying different concentration of 0.1%,

0.5%, 1%, 3% and 5% on immortalized and primary cultured glioblastoma

cells. The cellular cytotoxicity on different doses of ethanol was compared

with a cellular counting assay. Lactase dehydreogenase (LDH) assay, dead

cell protease activity, reverse transcription polymerase chain reaction

(RT-PCR), Western Blot Analysis and Cell Counting Kit-8 (CCK-8)

assay (WST-8) is applied to evaluate the ethanol-induced cytotoxicity on

immortalized and primary cultured glioblastoma cells. Ethanol-induced

cytotoxicity is observed in MTT assay on immortalized and primary

cultured glioblastoma cells in dose-dependent manner below a 3% ethanol

concentration. However, the degree of cellular cytotoxicity is markedly
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underestimated or wrongfully increased especially in primary cultured

glioblastoma cells at a concentration of 5% ethanol in comparison to the

control concentration. However, According to dead cell protease activity

and the Trypan blue exclusion assay, cytotoxicity of ethanol is increased

dose-dependent manner in both cell types. RT-PCR and Western Blot

Analysis also show an increase of pro-apoptotic protein expressions and a

decrease of anti-apoptotic protein in ethanol dose-dependent manner. We

confirm that ethanol have cytotoxicity effect and induce apoptosis in both

immortalized cell line and primary glioblastoma cells.

We presented possible mechanism for this unreliability of MTT assay

result. High concentration of ethanol exposure induces more severe

membrane damage on a relatively large primary cultured glioblastoma cells.

Increasing the intracellular NADH concentration and membrane damage

induced by ethanol can wrongfully enhance the nonspecific reduction of

tetrazolium salt in primary cultured glioblastoma cells through the

membrane damage.

We suggest that the MTT assay can provide inaccurate information in the

assessment of ethanol-induced cytoxicity in primary cultured glioblastoma

cells. Thus, we have to carefully interpret the cytotoxicity results of a

MTT assay on glioblastoma cells.

Key words: primary cell, ethanol, Tetrazolium salts, non-specific

intracellular reduction
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Introduction

Tetrazolium salts have been widely used to study the mitochondrial

respiratory chain since the 1960s (Atterwill et al., 1993; Mosmann, 1983).

Since, MTT assay using tetrazolium salt known as 3-(4,

5-dimethyl-2-thia-zolyl)-2, 5-diphenyl-2H-tetrazolium bromide), has

been a powerful biological tool to measure cell proliferation and

cytotoxicity. MTT assay is easy and comfortable colorimetric method

(Mosmann, 1983; Vistica et al., 1991). Reduction of MTT is associated

with the flavin-containing enzyme, which is well-known mitochondrial

enzyme. This suggests that mitochondria are the main site of MTT

reduction (Berridge et al., 2005; Vistica et al., 1991). However, MTT

reduction has overlooked many intracellular reductases. Several studies

recently show that reduction of tetrazolium salts is linked not only by

mitochondria reductase, but also intracellular reductases (Berridge and Tan,

1993; Cookson et al., 1995). Intracellular reductases have been shown to

reduce tetraxolium salts via non-mitochondrial reduction pathway.

Numerous other intracellular environmental factors can affect MTT

reduction. Many studies have indicated that intracellular reduced

nicotinamide adenine dinucleotide (NADH) is the main electron donor in

MTT reduction (Berridge and Tan, 1993; Vistca et al., 1991). Therefore,

high NADH concentration may lead to inaccurate MTT assay results.

Ethanol is a well-known factor that induces the concentration of NADH.

Several studies have already reported that Tetrazolium salts can cause

nonspecific reactions by a particular agent(Berridge and Tan, 1993;

Berridge et al., 2005). However, present research is insufficient regarding

the difference of MTT reduction response according to the characteristics
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of the cells. Furthermore, we are interested in MTT reduction between

primary glioblastoma cells and immortalized gliobalstoma cell lines. The

immortalized glioblastoma cell line has experienced the process of

immortalization and would lose or acquire some functional or structural

change of cell for proliferation (Pan et al., 2009; Smiraglia, D.

J.,etal.,2001). Therefore, we hypotheses that primary cells that have a

relatively large cell size also have simple to more severe membrane

damage and inter-cellular movement of material. For this reason, the

amount of tetrazolium salts per cell in primary glioblastoma cells is

increased and the color reaction of the MTT assay is enhanced. Therefore,

these cellular environments have resulted in increased nonspecific

reactions of tetrazolium. To explore this hypothesis, we designed an

experiment to investigate ethanol induced-cytotoxicity through several

cytotoxicity assays in primary glioblastoma cells and immortalized

glioblastoma cell lines. The purpose of this study is to report the

unreliability of MTT assay in the estimation of the ethanol-induced

cytotoxicity in immortalized and primary cultured glioblastoma cells through

nonspecific reduction of tetrazolium salts.
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Materials and Methods

Ethics statement

Fresh human tissue samples were obtained with the required Institutional

Review Board (IRB) approval from Seoul National University Hospital (IRB

number: 0106-080-001).

Cell culture

Two types of primary glioblastoma cells (GBL-13 and GBL-15) and two

types of glioblastoma cell lines (U87MG and U373MG) are used for this

study. The U87MG (human glioblastoma) cell lines are obtained from the

American Type Culture Collection (ATCC; Manassas, VA, USA). The U373

(human glioblastoma) cell line is acquired from the Korean Cell Line Bank

(KCLB: Seoul, Korea). GBL-13 and GBL-15 are obtained during brain

tumor lobectomy. After pathological analysis, brain tumor is diagnosed as

glioblastoma. The tumor mass is processed to a single cell by papain

digestion. The cells are cultured with Dulbecco Modified Eagled Medium

(DMEM, WelGENE, LM001-05, Korea) containing 10% fetal bovine serum

(FBS, Gibco Corp.,16000, Grand Island, NY, USA) and 100U/ml penicillin/

streptomycin (Gibco Corp.,15140-122, Grand Island, NY, USA) in a

humidified incubator with 5% CO2 at 37 and accessed by trypsinization℃

using TrypLE™ (Gibco Corp.,12604-013, Grand Island, NY, USA) every

7~8 days. U87MG and U373MG are cultured with 10% FBS (FBS, Gibco

Corp.,16000, Grand Island, NY, USA), supplemented Eagle’s Minimum

Essential Media (MEM, WelGENE., LM001-05, Korea) containing 100U/ml

penicillin/ streptomycin (Gibco Corp.,15140-122, Grand Island, NY, USA)

in 5% CO2 in cubator at37 and are passag℃ ed by TrypLE™ (Gibco
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Corp.,12604-013, Grand Island, NY, USA) every 3~4 days.

Ethanol exposure

Cells are plated at 3 X 103cells per each well into 96-multiwell plate for

24h(Falcon, 353072, Franklin Lakes, USA). A day after the initial plating,

cells are treated and cultured in the same ethanol diluted growth media

containing six different dilution concentrations of ethanol(EtOH, Absolute

Ethanol 99.9%. Duksan Pure Chemicals Co., Gyeonggi, Korea). Ethanol

concentrations are as follows: 0%, 0.1%, 0.5%, 1%, 3% and 5% v/v. Media

contained Ethanol are changed after 24h, 48h and 72h from the initial

planting. The cells are cultured in ethanol diluted growth media with 5%

CO2 incubation at 37 during whole test periods.℃

MTT assay

The MTT assay is applied to evaluate the ethanol effects in proliferation

and viability of glioblastoma cells. MTT salt is cleaved by mitochondrial

dehydrogenase in the metabolic active cells and is reduced to an insoluble

formazan crystal which displays a purple color. The color is detected by a

Multi-scan MS spectrophotometer (Labsystems, Stockholm, Sweden). The

In vitro Cell Proliferation KIT 1 (Roche, 11465007001, Mannheim,

Germany) is used. U87MG, U373MG, GBL-13 and GBL-15 are seeded

3x10^3 cells/well in 96-well plate. After ethanol treatment, 10ul of MTT

(5ug/ml) are added to every single well and incubated for 4h at 37 .℃

Then 100 l of solubilization buffer (SDS 10% in 0.01N HCl) are addedμ

to the wells and are incubated at 37 overnight. After incubation time, the℃

absorbance is measured at 570 nm in a Multiscan MS spectrophotometer

(Labsystems, Stockholm, Sweden).



5

Morphological changes of glioblastoma cells by light microscopy

After treatment of 5% ethanol for 24h, morphological changes are

observed by phase contrast microscopy (Nikon, TS100, Japan).

Trypan blue exclusion assay

The cells are plated in 96-well plate. After ethanol treatment, cells

attached the 96-well plate are washed using phosphate-buffered saline

(PBS, pH 7.4) one time, trypsinized for 1 min with TrypLE™ (GIBCO

Corp.,12604-013) at 37°C incubator and then neutralized with fetal

bovine serum (FBS) supplemented growth media. The cells are stained

using 4% trypan-blue for determining live cells. Cell count was performed

manually with a hemocytometer. Counting is at minimum triplicated

samples, and experiments were performed at least three times.

Assessment of dead-cell protease activity.

The CytoTox-Glo cytotoxicity assay (Promega Corp., G9292, WI, USA) is

employed for evaluating the cytotoxicity effects of ethanol on glioblastoma

cells. The CytoTox-Glo cytotoxicity assay distinctively quantifies the

extracellular activity of an intracellular protease (dead-cell protease).

Intracellular protease is associated with cytotoxicity and is reacted with a

luminogenic peptide substrate (alanyl-alanylphenylalanyl-aminoluciferin).

The degree of protease reaction can measure dead-cell protease activity.

The CytoTox-Glo cytotoxicity assay is used. As a control, we treated 1%

TritonX-100 to exclude the background value of media color. 5 l ofμ

luminogenic peptide substrate is added to each well for measuring

luminescence for determining the number of dead cells. The peptide
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substrate is incubated for 15 min at 37 . The luminescence is measured℃

in a 1420 Luminescence Counter (Perkin Elmer, Waltham, MA). To

determine total cell number, we measure luminescence by adding 50 g ofμ

lysis reagent to each well of the cells. The luminescence is incubated for

15 min at 37 . To calculate viability, luminescence is measured before℃

and after lysis. The calculate formula is described below. The

luminescence value before lysis is the experimental dead cell luminescence

and after lysis is the total luminescence (Viable cell luminescence = Total

luminescence Experimental dead cell luminescence)–

LDH measurement

Lactate dehydrogenase (LDH) is applied to evaluate the quantification of

plasma membrane damage and cytotoxcicity. We conducted LDH assay with

the LDH-Cytotoxicity Assay Kit (LDH, BioVision Inc., K311-400, SF,

USA) adhering to the manufacturer’s protocol. In brief, 1×10^4 cells are

seeded in 96-well plate with 1% assay medium and exposed to ethanol for

24h in an incubator (5% CO2, 90% relative humidity, 37°C). Then the

96-well plate is centrifuged at 250g for 10 min. 100 l of supernatant isμ

transferred into a new 96-well plate. Then, 100ul reaction is added and

incubated for 30 min at room temperature. After incubation, the absorbance

of solution is measured at 492nm using a Multi-scan MS

spectrophotometer (Labsystems, Stockholm, Sweden). LDH levels in the

media are quantified and compared to control values according to the kit

instructions.

Semiquantitative RT-PCR

Total RNA is extracted using the RNeasy Mini Kit (Qiagen, Inc. Valencia,
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CA, USA) at the 24h ethanol treatment. Total RNA is reverse transcribed

using the Reverse Transcription System (Promega, A3500, WI, USA) as

per instructions. Table 1 show the Primers used. 30 cycles polymerase

chain reaction (PCR) is used for amplification of these products with each

cycle, which consists of denaturation at 94 for 30s, annealing at Tm℃

(melting temperature) for 30s and primer extension at 72 for 1 min.℃

PCR products are separated on 1.5% agarose gel (Bioline, BIO-41025,

London, UK) and are visualized by RAS-3000 (FUJI, RAS-3000, Japan).

Protein extraction and immunoblotting

After 24h ethanol treatment, four types of cells are collected and the

proteins are isolated. The proteins were extracted using PRO-PREP,

(iNtRON Biotechnology Inc., 17081, Sungnam, Korea). 10 g proteins areμ

electrophoresed on 10% SDS-PAGE and are transferred to a

polyvinylidene floride (PVDF) membrane. (GE Healthcare, RPN 2020F,

Buckinghamshire, UK). In the case of cleaved form caspase-3 and

caspase-9, 30ug protein and 0.2um pore size PVDF membrane (Millipore

Corporation, ISEQ00010, Billerica, MA, USA) is applied. After blocking the

membrane with 5% (w/v) skim milk (BD Biosciences, 232100, CA, USA)

and washing with Tris-buffered saline-Tween solution (TBST),

membranes are incubated with anti-BCL-2 (1:1000), anti-Bax (1:1000),

anti-caspase-3 (1:1000), anti-caspase-9 (1:1000) (Cell Signaling

Technology, Inc., MA, USA), and -actin (1:500) antibodies (Santa Cruzβ

Biotechnology, Santa Cruz, CA, USA), for 12h at 4 , respectively. After℃

washing, the membranes are incubated with horseradish

peroxidase-conjugated goat anti-rabbit IgG (1:1000, Vector labs,.

PI-1000) or goat antimouse IgG (1:1000, Vector labs, PI-2000, CA, USA)
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or rabbit anti-goat IgG secondary antibodies (1:1000, Vector labs,

PI-9500, CA, USA) for 1h~2h at room temperature. After washing with

TBST, signals are detected using enhanced chemiluminescence, ECL

Western Blot Detection Kit (BIOSESANG, W6001, Seoul, Korea) on the

membrane.

NADH measurement.

Nicotinamide nucleotide is a main indicator of the redox state in cells.

Intracellular nucleotides such as NAD and NADH ratios are detected by

the NAD+/NADH Quantification kit (BioVision, Inc. K347-100, SF, USA).

These assays are performed adhering to the manufacturer’s protocol. In

short, U87MG, U373MG, GBL-13 and GBL-15 are treated ethanol at

specific concentrations of 0%, 1%, and 5%) in 24h incubation (5% CO2,

90% relative humidity, 37°C). Then, the 2x10^5 cell pellet is collected for

the NAD+/NADH measurement per each assay (2000 rpm, 5 min). The

cell pellet is extracted by Extraction Buffer through the freeze/thaw cycle

method. Then, the extraction sample is briefly vortexed and the sample is

spun down at 14,000 rpm for 5 min. Only supernatant is applied in an

e-tube. To detect the total NAD/NADH (NADt), 50 l of extractedμ

supernatant is placed in 96-well plate. The supernatant sample is applied

heat at 60 for 30 min in a water bath to detect NADH only. Throughout℃

this process, all NAD is decomposed while the NADH is intact. The

samples are then cooled on ice. 50ul of NADH samples are placed in

96-well plate. 100 l of Cycling Mix is also added in each well.μ

Afterwards, 5 min plate Incubation is applied at room temperature, and 10

l developer is continuously added. The plates are incubated for 1 to 4μ

hours and 10 l of stop solution are added. Finally, the plates at 450nmμ
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are read by a Multiscan MS spectrophotometer (Labsystems, Stockholm,

Sweden). After the plate is read, the amount of NADt and NADH (pmol)

and NAD/ NADH Ratio is calculated (NAD/NADH Ratio = (NADt -

NADH)/NADH).

CCK-8 assay

The CCK-8 assay (WST-8, Dojindi labs,. Kumamoto, Japan) is applied to

evaluate the effects of ethanol for proliferation and viability. CCK-8 assay

uses water soluble tetrazolium salt that is called WST-8

[2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl

)-2H-tetrazolium, monosodium salt]. WST-8 produces a water soluble

formazan dye according to the dehydrogenase activity in the presence of

an electro mediator. Through this process, colorless WST-8 becomes

WST-8 formazen with an orange color. CCK-8 assay is used by following

manufacturer instructions. U87MG, U373MG, GBL-13 and GBL-15 are

seeded 3000 cell/well in 96-well plate. Then, ethanol is treated at the

concentrations of 0, 0.1, 0.5, 1, 3 and 5% for 24 h, 48 h and 72 h in an

incubator at 5% CO2, 90 % relative humidity, and 37°C. After incubation,

10 l CCK-8 solution is added to each well of the 96-well plate and theμ

wells are incubated for 1-4 hours. Finally, the absorbance at 450nm is

evaluated using a Multiscan MS spectrophotometer (Labsystems,

Stockholm, Sweden).

Statistical analysis

All data are expressed as means ± standard deviation (SD). Statistical

significance is determined using a t-test. P < 0.05 is considered

statistically significant
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Results

MTT assay show difference viability pattern between immortalized cell line

and primary cells about ethanol toxicity

Cells are examined by MTT-assay to determine ethanol-induced

cytotoxicity. Ethanol exposure show cytotoxicity of time-dependent

increases for two gliobalstoma cell lines (U87MG and U373MG) and two

primary glioblastoma cells (GBL-13 and GBL 15). The viabilities of

U87MG and U373MG are dependently reduced ethanol concentration

(Figure1a). Viability of U87MG significantly decreased to 82%, 66%, and

42% in ethanol concentrations of 1%, 3% and 5%, respectively, at 72h. In

the case of U373MG, cell viability also dramatically decreased up to 38%

in the 5% ethanol-treated group at 72h (Figure1a). However, primary

cells of the glioblastoma showed different patterns in the MTT assay.

Primary glioblastoma cells GBL-13 and GBL-15 are affected by low dose

ethanol concentration treatment, which is the same pattern of the two

glioblastoma cell lines. However, after high dose ethanol treatment, primary

globlastoma cells showed significantly increased cell viability, especially

with the 5% ethanol concentration.

Ethanol treatment decreases viable cell numbers in immortalized and

primary glioblastoma cells

Cells are counted by trypan blue exclusion assay to determine the

ethanol-induced actual cytotoxicity effect on glioblastoma cells. The

experimental condition is the same as the previous MTT test. 0%, 0.5%,

1%, 3%, and 5% ethanol treated media respectively are applied. The viable

cell number for U87MG and U373MG gradually decreased at 1%, 3% and

5% concentrations (Figure1c). Viable cells of the cell line reduced almost
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less than 5% at 72h for the 5% ethanol-treated group. Likewise, primary

glioblastoma cells GBL-13 and GBL-15 decreased the viable cell number

with dependent ethanol concentrations (Figure1c). The 5.0% ethanol

treatment, viability for the primary glioblastoma cells dropped to less than

20% at 72h.

Ethanol induces critical changes of cell morphology in both immortalized

cell line and primary cells

Cell morphology changed with ethanol concentration dependent manner in

all cell types (Figure1b). Cell density decreased and most of the 5%

ethanol-treated cell shrank compared with the control cell. Data on the 5%

ethanol treatment is only shown because the 5% ethanol MTT result did

not match the trypan blue exclusion assay and cell morphology (Nikon,

ECLIPSS, TS100, Japan).

Ethanol enhances dead cell protease activity and decreases cell viability of

immortalized cell line and primary cells

Dead-cell protease activity is examined by CytoTox-Glo cytotoxicity

assay (Promega Corp., G9292, WI, USA) to measure the ethanol induced

cytotoxicity in an alternative method rather than dye reduction methods

(Figure 2a). We also calculated cell viability (Viable cell luminescence =

Total luminescence Experimental dead cell luminescence). In the–

CytoTox-Glo cytotoxicity assay, viability of U87MG apparently declined up

to 43% at a concentration of 5% ethanol at 72h. Even U373MG cell

viability decreased up to 30% in a 5% ethanol-treatment at 72h. Likewise,

primary glioblastoma cell (GBL-13) viability decreased to 39% in the 5%

ethanol concentration at 72h, and also at a concentration of 5% ethanol,
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GBL-15 viability declined up to 50% at 72h. Cell viabilities of U87MG and

U373MG are reduced with ethanol concentration dependent manner. In

addition, primary glioblastoma cells have similar decreased cell viability

pattern. These results suggest that ethanol induced the cytotoxicity among

the glioblastoma cell lines and primary glioblastoma cells.

Ethanol induce apoptosis and cell death in immortalized cell line and

primary cells

Reactive oxygen species (ROS) generation and oxidative stress leads to

DNA damage and ultimately cellular apoptosis. Markers of apoptosis were

detected by RT-PCR to confirm the effects of ethanol. BAX and FAS are

well-known as a pro-apoptotic marker and showed increased expression

pattern depending on the ethanol concentration of U87MG, U373MG,

GBL-13 and GBL-15. BCL-2 is well-known as a anti-apoptotic marker

and showed decreased expression pattern for all cells that are treated with

ethanol (U87MG, U373MG, GBL-13, and GBL-15). Ethanol-induced

apoptosis is checked at the protein level using Western Blot Detecting.

The expression of Bcl-2, and full length caspase-3 and full length

caspase-9 decreased with increased ethanol concentrations. In contrast,

the expression of Bax, cleaved caspase-3 and leaved caspase-9 increased

in ethanol dose-dependent manner. It was found that when exposed to 5%

ethanol for 24h, two primary glioblastoma cells and immortalized

glioblastma cell lines showed that pro-apoptotic protein expression

increased and anti-apoptotic protein expression decreased in ethanol

dose-dependent manner. These results indicate that two primary

glioblastoma cells and the immortalized cell lines showed an increase in

pro-apoptotic protein expression while anti-apoptotic protein expression



13

decreased with increased ethanol concentration. This expression patterns

mean that ethanol treatment caused an apoptotic event with an ethanol

concentration dependant pattern.

Ethanol induce alternative pattern of LDH leakage for immortalized cell line

and primary cells

LDH are well known tests for the measurement of membrane integrity and

cell toxicity. LDH leakage of primary globlastoma cells gradually increased

with a dependent manner of ethanol concentration.

LDH leakage of GBL-13 gradually increased up to 151 degrees in a

concentration of 5% ethanol at 24h when compared with the control group

(no ethanol-treated, LDH leakage level=100). LDH leakage of GBL-15

also gradually increased up to 136 degrees at 24h. However, immortalized

glioblastoma cell lines show a different pattern of LDH leakage. LDH

leakage of U87MG increased only up to 111 degrees in 5% ethanol at 24h.

Rather, LDH leakage of U373MG slightly reduced to 92 degrees in 5%

ethanol at 24h. These results suggest that primary glioblastoma cells's

LDH leakage due to ethanol treatment more easily occurred with ethanol

exposure.

Ethanol increases the intracellular NADH concentration in immortalized cell

line and primary cells

We applied ethanol treatments of 0%, 1%, and 5% on the intracellular

reduction system and especially the nicotinamide nucleotide to determine

the effects. Four types of cells are treated with dose dependent of ethanol

and are measured for NAD+/NADH ratio. The primary cell of glioblastoma

showed the exact same patterns. NAD+/NADH ratio of U87MG decreased
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by approximately 14% compared with the control group in 5% ethanol at

24h. NAD+/NADH ratio of U373MG decreased by roughly 39% compared

with the control group at 24h. In addition, NAD+/NADH ratio of primary

cells decreased by approximately 20% compared with the control group in

5% ethanol at 24h. This results indicated that ethanol exposure enhance

the intracellular NADH concentration in primary and immortalized

glioblastoma cells.

WST-8 show same viability pattern for ethanol toxicity for immortalized

glioblastoma cell lines and primary glioblastoma cells

Primary and immortalized glioblastoma cells are measured by CCK-8

assay using water-soluble tetrazolium salt called WST-8 to confirm the

ethanol induced cytotoxicity effect. We examined ethanol treatment of 0%,

0.1%, 0.5%, 1%, 3%, and 5% on two glioblastoma cell lines (U87MG and

U373MG) and two primary glioblastoma cells (GBL-13 and GBL-15) for

24h, 48h, and 72h. Viabilities of U87MG and U373MG reduced with

increased ethanol concentrations. The viability of U87MG significantly

decreased up to 32% in 5% ethanol at 72h treatment. In the case of

U373MG at the 72h condition cell viability apparently decreased to 7% in

the 5% ethanol-treated group. In addition, primary cells of glioblastoma

showed the exact same patterns. At the 72h treatment, viability of

GBL-13 dramatically decreased up to 28% in the 5% ethanol

concentration. GBL-15 viability clearly decreased to 43% in the 5%

ethanol condition at 72h. These results show that the primary glioblastoma

cells are affected by ethanol concentration at low and high dose ethanol

treatments.
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Table 1. Nucleotide sequences of primers used in RT-PCR

Targets Forward primers (5 to 3 )′ ′ Reverse primers (5 to 3 )′ ′

Bax AGGATGCGTCCACCAAGAAG GCTCCCGGAGGAAGTCCAAT

Bcl-2 GACTTCGCCGAGATGTCCAG CATCCCAGCCTCCGTTATCC

Fas GGACCCTCCTACCTCTGGTTCTT CAGTCCCTAGCTTTCCTTTCACC

GAPDH CGTGGAAGGACTCATGAC CAAATTCGTTGTCATACCAG
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Figure 1. Discrepancy between MTT assay and actual cytotoxicity

(A) The degree of tetrazolium reduction is determined by MTT assay in

primary glioblastoma cells (GBL-13, GBL-15) and glioblastoma cell lines

(U87MG, U373MG). Four types of cells treated with ethanol for 24h, 48h,

and 72h. The cell viability is measured by MTT assay.

(B) Trypan blue exclusion assay of ethanol-induced cytotoxicity in

GBL-13, GBL-15, U87MG and U373MG.

(C) Microscopic images show ethanol-induced morphological change

depends on ethanol concentration in primary glioblastoma cells (GBL-13

and GBL-15) and glioblastoma cell lines (U87MG and U373MG). The

images only display the control group and 5% ethanol treated media group.

All microscopic images took with 40x.

(*P< 0.05 compared with the control group)
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Figure 2. Ethanol induce cytotoxicity on glioblastoma

(A) The activity level of death cell protease associated with cell death is

determined by CytoTox-Glo cytotoxicity assay (Promega Corp., G9292,

WI, USA). Effects of ethanol-induced cell viability in primary glioblastoma

cells (GBL-13 and GBL-15) and glioblastoma cell lines (U87MG and

U373MG). This experiment is performed after ethanol-treated exposures

at 24h, 48h, and 72h.

(*P< 0.05 compared with the control)

(B) The LDH level in the media related with cell death is measured by

LDH assay in GBL-13, GBL-15, U87MG and U373MG. The LDH level is

measured after the 24h ethanol treatment.

(*P< 0.05 compared with the control group)
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Figure 3. Ethanol induced apoptosis signaling in glioblastoam cell lines

(A) The degree of mRNA synthesis that are linked with apoptosis is

determined by RT-PCR analysis in glioblastoma cell lines (U87MG and

U373MG). RNA extraction is performed after the ethanol-treated exposure

at 24h.

(B) Protein expression associated with apoptosis is measured by Western

Blot Analysis in glioblastoma cell lines (U87MG and U373MG). Protein

extraction is carried out after ethanol-treated exposure at 24h.
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Figure 4. Ethanol induced apoptosis signaling in primary glioblastoma cells

(A) The level of mRNA synthesis that is involved in apoptosis is

measured by RT-PCR analysis in primary glioblastoma cell (GBL-13 and

GBL-15). RNA extraction is carried out after the ethanol-treated

incubation at 24h.

(B) The degree of protein synthesis associated with apoptosis is checked

by Western Blot Analysis in primary GBL-13 and GBL-15. Protein

extraction is performed after the ethanol treated incubation at 24h.
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Figure 5. Ethanol increases the intracellular NADH concentration

(A) The ratio of NAD/NADH is determined by the NADP+/NADPH

Quantification Kit (BioVision, Inc. K347-100, SF, USA) in primary

GBL-13, GBL-15, U87MG and U373MG. Four types of cells are

ethanol-treated for 24h. This experiment is conducted after the ethanol

treated exposure at 24h.

(*P< 0.05 compared with the control group)
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Figure 6. The reduction of WST-8 shows the ethanol concentration

dependent cytotoxicity

(A) The degree of WST-8 reduction is determined by the CCK-8 Kit in

primary glioblastoma cells (GBL-13, GBL-15) and glioblastoma cell lines

(U87MG, U373MG). Four types of cells are treated with ethanol for 24h,

48h, and 72h. Cell viability is determined by the CCK-8 Kit.

(*P< 0.05 compared with the control group)
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Figure 7. A proposed model of non-specific reduction of MTT compared

with WST-8 in ethanol-induced cytotoxicity in glioblastoma.

In Figure 7, the left diagram illustrates the reduction of MTT and WST-8

in normal condition on glioblastoma cells. MTT is non-soluble and

hydrophobic, and penetrates into cells and reacts with the mitochondrial

electron transport chain. WST-8 is water-soluble and hydrophilic, and

reacts with the trans-plasma membrane electron transport located in the

cell membrane. WST-8 links intracellular metabolism with the extracellular

electron acceptor. As shown in the right diagram on the right side of

Figure 7, exposure to high concentrations of ethanol causes damage to cell

membranes and an increase in the intracellular concentration of NADH.

The environment generated by exposure to ethanol will increase

nonspecific reduction of MTT by increasing the opportunity to respond.

However, WST-8 is reduced only through the trans-plasma membrane

electron transport. Therefore, WST-8 did not react with an ethanol

induced environment and an increase in NADH concentration.
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Discussion

The cytotoxic effect of ethanol on human brain cells have been known

since the 1970s (Vistica et al., 1991, Das and Vasudevan, 2007). Ethanol

is amphipatic. Thus, ethanol can diffuse rapidly through a cell membrane

(Das and Vasudevan, 2007). It had been demonstrated that ethanol

exposure to cells can induce cell death due to lipid peroxidative product

accumulation and reactive oxygen species (ROS) generation (Vistica et al.,

1991; Bailey and Cunningham, 1998; Cherian et al., 2008; Comporti et al.,

2010; Fadda and Rossetti, 1998; Higuchi et al., 1996; Zhang et al., 2011).

The results of the Trypan-blue exclusion assay (Figure1c), CytoTox-Glo

cytotoxicity assay (Figure 2a) and CCK-8 assay (Figure 6) show that

ethanol has a cytotoxic effect. RT-PCR, western blot data (Figures 3-4)

also demonstrate ethanol exposure induces apoptosis in glioblastoma cells.

Ethanol-induced cytotoxicity is measured by the MTT assay and shows a

dose-dependent manner below 3% ethanol concentration on immortalized

and primary cultured glioblastoma cells. However, the level of MTT

reduction is noticeably underestimated or wrongfully increased especially in

primary cultured glioblastoma cells at a concentration of 5% ethanol in

comparison to the control condition. MTT assay results on the toxicity of

high concentrations of 5% ethanol treatment did not correspond with the

results observed under a microscope. This tendency was observed only in

primary glioblastoma cells. Thus, we investigated the unreliability of the

MTT results that is induced by ethanol in glioblastoma cells.

In this study, we reported that the unreliability of a MTT assay in the
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assessment of ethanol-induced cytotoxicity between immortalized

glioblastoma cell lines and primary cultured glioblastoma cells due to

nonspecific reduction of tetrazolium salts. Thus, we are confronted with

the question: Why do primary glioblastoma cells only show different

results for ethanol-induced cytotoxicity between the MTT assay and

actual toxicity results? A possible mechanism for this question is

presented. We suggest that the different responses of ethanol are the

cause of unreliable results from the MTT assay on primary cultured

glioblastoma cells.

First, the different responses of ethanol treatments have the possibility of

non-specific reduction due to the increase of NADH, which is increased

during ethanol metabolism. Ethanol is known as an inducer of oxidative

stress, membrane damage and has NADH increasing effect on the cell

(Comporti et al., 2010; Fadda and Rossetti, 1998; Annunziato et al., 2003;

Ueda et al., 2002). Several studies suggest that intracellular NADH is the

most influential factor in the non-specific reduction of the immortalized

and primary glioblastoma cells (Das and Vasudevan, 2007). Many studies

indicate that cellular reduction of MTT was related to intracellular NADH

concentration (Berridge and Tan, 1993; Berridge et al., 2005). NADH is a

main electron donor in MTT reduction (Berridge and Tan, 2000).

Therefore, experiments have been conducted to investigate differences in

the expression level of NADH between primary glioblastoma cells and

immortalized glioblastoma cell lines. We assume that there is a difference

in the NADH level between primary and immortalized glioblastoma cells.

These differences provide different results for non-mitochondrial

reductions and the actual cytotoxicity. However, according to Figure 3, the
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two primary glioblastoma cells (GBL-13 and GBL-15) and the two

glioblastoma cell lines at 5% ethanol clearly increased the NADH

proportion in comparison to the control cell treatment. This tendency

appears the same pattern for the immortalized cell lines and primary cells.

Eventually, the environment with a high concentration of ethanol-induced

electron carrier (NADH) is the same for primary glioblastoma and

glioblastoma cell lines (Figure 4).

Second hypothesis is the change of the membrane integrity by ethanol

exposure for the primary glioblastoma and glioblastoma cell lines.

According to the LDH assay results (Figure 2), ethanol definitely affected

cell membrane integrity on the primary cultured glioblastoma cells through

an ethanol concentration dependent manner. However, the immortalized cell

line appears almost unaffected by ethanol exposure. Primary cell size is

larger than the immortalized cell line. Thus, the primary cell size has more

severe membrane damage by ethanol than the immortalized cell lines.

Therefore, membrane damage may differ between primary glioblastoma

cells and glioblastoma cell lines. Based on the results, increasing the

intracellular concentration of NADH and nonspecific reduction induced by

ethanol can easily be performed in primary glioblastoma cells through

damaged membrane in a 5% ethanol concentration. Membrane damage

caused by ethanol facilitates the entry of substances into and out of the

primary glioblastoma cells. In addition to the increasing electron donor,

MTT reduction of nonspecific reactions also increased. The CCK assay

results can also support second hypothesis. WST-8 is referred to as the

second generation MTT and is reduced extracellularly. The reduction is

most likely by electron transport across the plasma membrane from
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intracellular NADH to WST-8 via an intermediate electron carrier.

Therefore, WST-8 is thought to be less affected due to membrane

damage. In this context, the CCK-8 results of ethanol induced cytotoxicity

on glioblastoma cells are consistent with the second hypothesis. Altogether,

intracellular material is more accessible due to membrane damage of the

primary cell, which is more severe compared to the cell lines. Therefore,

the amount of tetrazolium salt reduction is increased in primary cell and

color reaction of the MTT assay.

A Third possibility is the differences of ethanol metabolic activity for

primary cells and cell lines. According to recent studies in the functional

comparisons of primary cells and cell lines, primary cells highly express

fatty acid synthesis pathway and alcohol metabolism pathway in

comparison to cell lines. However, cell lines were deficient in mitochondria

activity in comparison to primary cells (Pan et al., 2009; Smiraglia, D. J et

al., 2001 ). The high activity of ethanol metabolism on the primary cell

indicate that the cell membrane is damaged more easily by ethanol and

produces more total NADH than the immortalized cell line.

It is suggested that MTT assay can provide inaccurate information in the

assessment of ethanol or cytotoxic drug-induced cytotoxicity in

immortalized and primary cultured glioblastoma cells. For primary cells,

first generation MTT assay we used cytotoxicity assay, which has

limitations. MTT assay used as a classic cytotoxicity test has a tendency

to underestimate the real cytotoxicity by displaying a higher absorbance

rather than the actual reduction of the tetrazolium salts from dying cells.

Primary cells have more advantages than cell lines because of similarity
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with in vivo state. So, the problems with MTT assay have to be

considered. Therefore, this thesis argues that the problems described are

significant in the interpretation of first generation MTT assay.
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국문 초록

환자유래 일차배양 교모세포종에서의

의 불일치에 관한 기전 연구MTT assay

는 교모세포종의 항암제의 세포독성을 측정하는 실험으로 널리 사용되MTT assay

어져 왔다 하지만 최근의 연구들은 가 의 비특이적. MTT assay tetrazolium salt

세포내 환원반응을 통해 세포독성을 과소평가하게 된다고 보고하고 있다.

우리는 이러한 주장을 기반으로 불멸화된 교모세포종주와 환자유래 일차 배양된,

교모세포종을 대상으로 를 통MTT assay 한 알코올 유도 세포 독성이 잘못된 정보

를 제공할 가능성에 대해 확인해 보았다.

이를 위해 알코올 유도 세포독성을 알코올 농도별로 (0.1%, 0.5%, 1%, 3% 5%)

를 불멸화된 교모세포종주와 환자유래 일차 배양된 교모세포종을 대상MTT assay

으로 진행하였다 알코올의 농도에 따른 실험의 세포독성 결과를 실제 세포. MTT

수를 측정하여 비교하였다 또한 의 활성을 측정하는 실험과. dead cell protease ,

과 그리고 세대 로 불리는 실험을 통하여RT-PCR western blot 2 MTT CCK-8

알코올로 유도되는 세포독성을 불멸화된 교모세포종주와 환자유래 일차 배양된 교

모세포종을 대상으로 측정하였다.

를 통해 불멸화된 악성교모세포종주와 환자유래 일차 배양된 교모세포MTT assay

종을 대상으로 측정한 알코올 유도 세포 독성 결과는 알코올 농도까지 농도 의3%

존적으로 증가하는 것으로 보였다.

하지만 환자유래 일차 배양된 교모세포종 세포의 경우 의 알코올 농도에서는, 5%

세포 독성결과가 대조군보다도 현격히 감소되게 나와 세포 독성을 과소평가되고 있

음을 확인할 수 있었다.

하지만 실제 독성을 알아보기 위해 시행한 다른 와, CCK-8 assay dead cell

활성측정에서는 알코올 농도 의존적으로 세포 독성이 증가하는 것을 확protease
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인할 수 있었다 또한 과 을 통해 알코올 농도 의존적으로. RT-PCR Western blot

전 세포예정사 단백질의 발현이 증가하고 반 세포예정사 단백질의 발현이 감소하,

는 것을 확인 할 수 있었다.

이를 통해 가 고농도의 에탄올에서 의, MTT assay primary glioblastoma cell

는 실제 독성을 반영하지 못하고 세포 독성을 과소평가하여 부정확한MTT assay

세포 독성을 제공하는 것을 밝혀냈고 이에 대한 기전에 대한 연구를 추가적으로,

진행되었다.

를 측정하는 실험을 통해 에탄올 처치로 인한 증가를 확NAD+/NADH ratio NADH

인하였고 이와 같은 가 전자 전달체로서 의 를, NADH MTT assay tetrazolium salt

비특이적 환원으로 유도 할 것으로 가정하였으나 실제는 불멸화된 교모세포종주와,

환자유래 일차 배양된 교모세포종 모두 비슷한 정도로 증대되었음을 확인하였다.

불멸화된 교모세포종주와 환자유래 일차 배양된 교모세포종의 실제적 차이를 나타

난 것으로 세포 독성을 측정을 위해 를 통해LDH assay 밝혀졌다 세포막의 견고.

성을 측정하는 실험은 이에서 에탄올 유도의 세포막 파괴가 환자 유래LDH assay

일차 배양 교모세포종에서 불멸화된 교모 세포종주보다 월등히 높은 것을 확인하였

다 의 결과와 결과를 종합하여 에탄올 유도 독성을 통해 상대. NADH LDH assay ,

적으로 세포 크기가 큰 환자 유래 일차 배양된 세포 교모종에서 더 많은 세포 손상

을 통해 에탄올 처치때문에 증대된 전자전달체 가 세포 내외로 이동이 용(NADH)

이해짐으로서 의 비특이적 환원반응이 증대 하여 거짓된 정보를 제공하게 된MTT

것이라고 가능성을 제시하였다.

이러한 연구 결과를 토대로 가 알코올 유도 독성을 측정하는 데 있, MTT assay

어서는 환자유래 일차 배양된 교모세포종 세포의 독성을 과소평가하며 부정확한 세

포 독성정보를 제공하는 것으로 판단된다 그러므로 본 연구는 교모세포종 세포에.

서의 의 독성 결과를 해석할 때에 유의해야 함을 권고하는 바이다MTT assay .

주요어 환자유래 일차 배양 세포 비특이적 세포내 환원반응: MTT assay, ,
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