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Abstract 
Astrocytomas are tumors which arise from astrocytes, cells that form the blood-brain barrier. There are very few drugs that 
successfully treat brain tumors. In this study, the cytotoxic effects on the HTB-12 astrocytoma cell line by tumor necrosis 
factor-related apoptosis-inducing ligand (TRAIL) were studied. 

The presence of the TRAIL receptors, Death receptor 4 (DR4) and Death receptor 5 (DR5), were detected in HTB-12 cells 
by Enzyme-Linked Immunosorbent Assay (ELISA). Cytotoxicity assay by Trypan Blue Exclusion Method showed 
effective cell killing by TRAIL treatment. Thus, the presence of death receptors and TRAIL efficacy raises the therapeutic 
potential for this type of brain tumor. 
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1 Introduction 
Tumors that arise from astrocytes are known as astrocytomas. These tumors can be found within the brain or spinal cord 
and not in any other part of the body. Fifty percent of high-grade gliomas are formed due to mutation or deletion of the 
tumor suppressor gene p53, which is activated by DNA damage [1, 2]. Astrocytomas are the most common malignant brain 
tumors in middle-age adults [3]. The only effective options for treatments available to this type of brain cancer patients are 
surgery and radiation therapy. Since very few drugs can cross the blood brain barrier and have effective therapeutic effects 
on this cancer, search for an effective therapeutic agent is important. 

TRAIL is a member of the cytokine tumor necrosis factor (TNF) superfamily [4-6]. The TNF family plays a role in immune 
regulation and, once bound to TNF receptors, cause cell differentiation, cell proliferation and apoptosis. TRAIL, which 
was identified and cloned in 1995 [7], is a protein consisting of 281 amino acids, with the gene existing on chromosome 
number 3 (3q26). TRAIL is a type II membrane protein, due to its having a 7 transmembrane domain and no leader 
sequence, with an intercellular N-terminal and extracellular C-terminal, and C-terminal similar to other members within 
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the TNF family. TRAIL is different from other members of the TNF family in that it only causes apoptosis in cancerous 
cells. TRAIL mRNA expression has been detected in various tissues, such as lymph nodes, spleen, thymus, lungs, 
placenta, small bowel, large bowel, prostate gland, and ovaries, but there is no expression in the liver. Other members of 
the TNF family are expressed in specific or limited types of tissues [8]. TRAIL also plays a role in tumor surveillance [9]. 

Five receptors for TRAIL have been identified. They are all type I membrane proteins [10] and their genes are located on 
chromosome 8 (8p21-22). The receptors for TRAIL are located on the surface of the cell and they can be found with or 
without the intracellular death domain. The receptors DR4 (TRAIL-R1), which is composed of 468 amino acids, and DR5 
(TRAIL-R2), which is composed of 411 amino acids, are 58% homologous, contain a cytoplasmic death domain and are 
found in the vast majority of tissues [10, 11]. This is contrary to DcR1 (TRAIL-R3), which is composed of 299 amino acids 
and DcR2 (TRAIL-R4), which is composed of 386 amino acids. Both DcR1 and DcR2 do not have a cytoplasmic death 
domain and are found in a limited number of tissues and normal cells [8, 11-13]. Osteoprotegerin has also been identified as a 
non-inducible apoptosis receptor for TRAIL and is involved in the regulation of bone density [14]. Among the TRAIL 
receptors, DR4 was the first identified and DR5 was later identified due to its homology with DR4 [7]. Both of these 
receptors have received the name of death receptors because they contain death chambers or death domains, whereas the 
other receptors do not. Death domains are protein-protein motifs, which cause the formation of a signaling complex that 
recruit caspases, which then cause the induction of the cell death pathway [15]. Both of these receptors also contain 
extracellular cysteine rich domains with two cysteine-rich motifs, which is a similarity among all members of the TNF 
family. 

TRAIL kills cancerous cells by causing apoptosis, which is a process by which cells internally activate “suicide” factors 
that will lead to its death [4]. Apoptosis results in separation of the cell membrane, DNA fragmentation, shrinking of the 
cell and disruption of the cytoskeleton and nucleus. Apoptosis is a necessary physiologic process by which organisms keep 
the proper number of cells alive and kill unnecessary cells. A malfunction in this process could result in more cells than 
needed within the organism leading to conditions that are life-threatening, such as the development of cancer [15]. 
Apoptosis can be initiated by intrinsic and extrinsic factors such as the binding of TRAIL, an apoptosis inducing ligand, 
and, in contrast to other regulators which cause apoptosis in both normal and cancerous cells, TRAIL has been identified 
as one of the regulators of apoptosis in tumor cells [8]. 

2 Materials and methods 
Cell Culture: The cell line that was used in this study was HTB-12 [American Type Culture Collection (ATCC), 
Manassas, VA]. A. Leibovitz at the Scott and White Clinic in Temple, Texas initiated the HTB-12 cell line in 1975. This 
cell line was started from an astrocytoma removed from a 72-year-old Caucasian male. ATCC received this cell line in 
January 1982 while in its twenty-third passage [16]. Astrocytomas were cultured in complete Leibovitz 15 (L-15) medium 
(ATCC) [16], which consisted of L-15 medium supplemented with L-glutamine, 10% Fetal Bovine Serum (FBS) and 
penicillin-streptomycin (100 μg/ml). 

Human astrocytes cells were a kind gift from Dr. K. Pahan of University of Nebraska Dental School (Lincoln, NB). 
Astrocyte cells were cultured in DMEM-F12 medium supplemented with 10% Calf serum and Penicillin-Streptomycin at 
37°C in a carbon dioxide incubator. 

Protein Assay: The protein concentrations for the samples were estimated using the Bicinchoninic Acid Protein (BCA) 
Assay performed according to manufacturer’s instructions (Life Technologies Inc., Carlsbad, CA). Cells were lysed with 
Profound Lysis Buffer (Pierce, Rockford IL) and incubated on ice for 30 min. After incubation, standards were set up 
according to the manufacturer’s instructions and 0, 20, 40, 60, 80, 100 μl  BCA was added to 15 ml conical tubes and 
diluted with dH20 to a final of 100 μl. Subsequently, standards and samples were incubated for 30 min in a 37oC water 
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bath. After incubation the sample and standards were analyzed using a spectrophotometer at 562 nm wavelength  
(Spectronic 601, Milton Roy, Ivyland, PA). 

ELISA: ELISA (Enzyme-Linked Immunosorbent Assay) was used to detect DR4 and DR5 receptor protein in the 
astrocytomas and astrocytes. Cells were trypsinized from confluent 25 cm2 flasks to conduct the DR4 and DR5 ELISA 
(Cell Sciences, Canton, MA; BioSource, Carlsbad, CA). Cells were removed, lysed with Lysis Buffer and incubated on ice 
for 30 min. After incubation the BCA Assay was performed to estimate protein concentrations in the cell extracts used for 
the ELISA. Standards were set up for the DR4 and DR5 ELISA according to the manufacturer’s instructions for DR4 and 
DR5 ELISA kits. Samples (cancer and normal cell lysates) were added to the ELISA plate to give a final concentration of 
5 μg/μl of protein. The 96 well plate was read using an ELISA plate reader (MR600 Dynatech Microplate Reader) at 450 
nm to determine the relative concentration of DR4 and DR5. 

TRAIL cytotoxicity studies: This study was conducted using recombinant human TRAIL protein (PeproTech, Rocky 
Hill, NJ). Cells were grown in 35 mm × 10 mm plates containing an equal number of cells.  Following treatments, cells 
were maintained at 37°C for the duration of the experiments. Various concentrations of TRAIL (0, 1, 100, 200 ng/ml) were 
added to cells for 4 hours [17]. TRAIL (1 ng) was added to  cells for various time periods (4, 8, 20, 24 hours).  Cell death was 
assayed by the Trypan Blue Exclusion Method using a hemocytometer and inverted microscope. 

Statistical Analyses: Each experiment was performed  three times. ELISA data were analyzed using procGLM of the SAS 
Statistical Package (Cary, NC) and means separated using Fischer Protected LSD (α = 0.05). Data regarding the effects of 
various concentrations of TRAIL on HTB-12 cells were analyzed using one way ANOVA and t-Test (α = 0.05). 

3 Results 
In the present study, both normal human astrocytes and HTB-12 cells were tested for the presence of DR4 and DR5. 

 

Figure 1. ELISA results for DR4 and DR5 using human normal astrocytes lysates and HTB-12 cell lysates. Samples 
(normal cell lysates and HTB-12 lysates) were added to the ELISA 96 well plates at a concentration of 5 μg/μl protein 
determined by BCA Assay and analyzed on a plate reader at 450 nm.  Asterisk indicates significantly different mean 
determined by Fischer Protected LSD (α = 0.05) (Table 1). 

To show the ability of TRAIL to bind to HTB-12 cells, the detection of the receptors was documented via ELISA. ELISA 
results showed that the receptors were present in all cell lines, however, expression of DR5 was greater than DR4 in 

*
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HTB-12 (Figure 1). DR4 expression in astrocytes and astrocytoma was not significantly different, but DR5 expression was 
significantly greater than in DR4 and DR5 expression in normal cells and DR4 expression in HTB-12 cells (Table 1). 

Table 1. Expression of DR4 and DR5 protein in normal human astrocytes and HTB-12 cell lysate as determined by ELISA 
using 5 μg/μl of protein for all samples on a 96 well ELISA plate read at 450 nm.  Means with the same letter are not 
significantly different (α = 0.05). 

Cell and receptor Mean ± std. 

HTB-12 DR5 233.33 ± 7.4a 

HTB-12 DR4 24.00 ± 11.4b 

Human normal astrocytes DR5 10.33 ± 8.4b 

Human normal astrocytes DR4 7.00 ± 2.7b 

 

 

Figure 2. HTB-12 cell death after exposure to various concentrations of TRAIL for 4 hours at 37°C.  Cell death was 
assayed using the Trypan Blue Exclusion Method and direct count using a hemocytometer.  All means are statistically 
different from each other (t-Test, α = 0.05) (Table 2). 

 

Figure 3. HTB-12 cell death after exposure to 1 ng/ml of TRAIL for various time periods at 37°C. After 4, 8, 20, and 
24 hour treatments, cell death was assayed using the Trypan Blue Exclusion Method and direct count using a 
hemocytometer.  Four and 24 hour means are statistically different from each other (t-Test, α = 0.05) (Table 3). 
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Three concentrations of TRAIL were used in this study ranging from 0 ng/ml to 200 ng/ml. The range of concentrations 
that were used was based on previous studies concerning TRAIL and glioma cells [17-20]. In this study, 1 ng/ml of TRAIL 
(Figure 2) caused 42% HTB-12 cell death at 4 hours. This concentration was closest to the IC50 value for this HTB-12 
astrocytoma cell line. Treatments using 1 ng of TRAIL for  time periods ranging from 0 to 24 hours showed a gradual 
increase in cell death over time (Figure 3). 

Table 2. Effects of various concentrations of TRAIL on HTB-12 after 4 hours at 37°C.  Analysis conducted  using  one 
way ANOVA and t-Test (α = 0.05).  Means with the same letter are not significantly different.  

Treatment 

TRAIL (ng/ml) 
Mean ± std. 

0 37.53 ± 0.5a 

1 72.57 ± 0.1b 

100 87.53 ± 0.5c 

200 157.00 ± 0.1d 

Table 3. HTB-12 cell death after exposure to 1 ng/ml TRAIL from 4 to 24 hours at 37°C.  Analysis conducted  using  one 
way ANOVA and t-Test (α = 0.05).  Means with the same letter are not significantly different. 

Treatment 
Time (Hours) 

Mean ± std. 

4 82.5  ± 5.0a 

8 103.1 ± 7.7ab 

20 110.7 ± 0.1ab 

24 115.1 ± 4.1b 

4 Discussion 
TRAIL is currently being studied as a possible treatment for cancer. TRAIL has been studied in brain, breast, prostate, 
liver and cervical cancer [5, 6, 8]. Death receptors for TRAIL have been found in various tissues, including those with normal 
and cancerous cells [8]. In cancerous cells, TRAIL causes apoptosis, which is why many researchers have begun 
investigating the use of TRAIL as a potential chemotherapeutic treatment. Studies have shown that TRAIL alone can lead 
to cancer cell deaths, but TRAIL along with a conventional chemotherapeutic agent can lead to greater numbers of cell 
deaths [21]. Unlike chemotherapeutic agents and radiation, which need the activation of the p53 tumor suppressor gene, 
TRAIL and other death ligands induce apoptosis in the cell whether or not p53 is activated [21]. like other members of the 
TNF family, TRAIL has been found not to have such severe side effects within normal tissues. TNF has been shown to 
cause a lethal inflammatory response, and Fas-induced apoptosis has been shown to cause lethal damage in the liver [21]. 

Researchers initially thought that TRAIL could be cytotoxic, but due to its expression in a wide variety of tissues and its 
resistance in normal tissues they have dismissed this idea. For example, TRAIL was studied in mice with intracranial 
gliomas. The mice were treated with various doses of TRAIL ranging from 0.3 kg/mg to 30 kg/mg per day for 7 days. 
Researchers in this study concluded that there was no sign of toxicity when the mice were treated with the highest dose of 
TRAIL. Furthermore, TRAIL at 30 kg/mg did not impact normal cells and inhibited tumors and none of the animals 
displayed neurological problems or weight gain issues [1]. 

Pure cultures of normal fetal human astrocytes were investigated for the presence of DR4 and DR5 receptors on the cell 
surface, whether DR4 or DR5 protein was present in the astrocytes and whether DR4 or DR5 sequence was expressed in 
mRNA. The researchers concluded that both receptors were found in the astrocytes and on the cell surface with DR5 
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expressed more than DR4. Results showed that DR4 and DR5 expression were less pronounced in astrocytes when 
compared to the experimental controls human glioma cell line U343MG and the human lung cancer cell line A549 [22].  

The actual apoptosis pathway via TRAIL binding DR4 or DR5 receptors can precede in either an extrinsic or intrinsic 
fashion. Both of these receptors contain cysteine-rich pseudo-repeats, which allow TRAIL to bind and recruit the 
intracellular adaptor Fas-associated death domain (FADD) [23]. Through the addition of FADD, the protease caspase-8 is 
recruited, causing the formation of a death inducing signaling complex (DISC). With the formation of DISC, caspase-8 is 
cleaved, which can either cleave caspase-3 to activate the extrinsic pathway, or cleave Bid, a member of the Bcl-2 family, 
to activate the intrinsic pathway [5, 23]. Caspase 3 will then activate substrates leading to apoptosis, such as DNA 
fragmentation factor 45, which is an inhibitor of nuclease activity activated by caspases, leading to its removal from DNA 
fragmentation factor 40, which is a nuclease activated by caspases. This will then lead to the cell shrinking and destruction 
of chromosomes  and cell nucleus [24, 25]. Glioma cells have also been found to express low or undetectable level of decoy 
receptors DcR1and DcR2. These receptors do not contain the cytoplasmic death domain [8, 11-13]. There is not enough 
expression to inhibit the formation of DISC, which consists of caspase-8 and FADD, within the cell to initiate apoptosis. 
DISC is required to begin the process of apoptosis after the binding of TRAIL to its death receptors [1, 18, 26].  

A study was conducted regarding the effects of TRAIL on thirteen glioma cell lines and normal astrocytes. All cell lines 
including primary astrocytes were treated with the maximum dose of 300 ng/ml TRAIL. Three of the glioma cell lines 
were sensitive, ten were resistant and normal astrocytes were resistant [18]. Since TRAIL can selectively kill cancer cells 
without harming normal cells [21], we searched for the presence of DR4 and DR5 death receptors in the HTB-12 
astrocytoma cell lines and studied the effect of different doses of the drug at different time points. 

In this study, we found that HTB-12 astrocytoma cell lines expresses DR4 and DR5 receptors and are sensitive to TRAIL 
treatment, whereas normal human astrocytes have a very low expression of these receptors and are resistant to TRAIL. 
Thus, TRAIL could be an effective therapeutic agent for treatment of this type of cancers by selectively targeting the brain 
cancer cells respiting the normal healthy cells. However, more cell lines have to be tested and animal models examined 
before any final conclusion can be drawn. 
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