
Abstract. Artemisinin (AR) is a widely used antimalarial
drug. Recently, additional uses for AR as an anticancer drug
were discovered. Using TUNEL, immunohistochemistry (IHS)
markers and flow cytometry techniques, we evaluated the effect
of AR and 5-FU on HPV 16 immortalized and transformed
human gingival epithelial (IHGK) cells. The results of TUNEL
showed that AR-treated IHGK cells consisted of 82% positive
cells, while 5-FU-treated cells consisted of 18% positive cells.
The IHS markers demonstrated positive staining with Bax, p53,
CD40 and CD40L in AR-treated cells and negative staining
with Bcl-2. 5-FU-treated cells demonstrated a profile similar to
AR but with less intensity. Cell cycle by flow cytometry results
showed that only 5-FU-treated cells demonstrated a significant
S-phase rate increase to 45%. In conclusion, our results
indicate that AR is cytotoxic to transformed oral epithelial cells
through apoptosis, while 5-FU is cytotoxic primarily through
cell toxicity. 

Artemisinin (AR) is a sesquiterpene lactone isolated from

the plant Artemisia annua L. It is currently used in various

countries as an antimalarial drug and it has a potent effect

on choloroquine-resistant malarial parasites (1). The cancer

cell cytotoxicity of AR was first reported by Woerdenbag et
al. in 1993 (2). Using the microculture tetrazolium assay,

they demonstrated that AR had an IC50 value of 29.8 ÌM

on Ehrlich ascites tumor cells (2). Lai and Singh later

demonstrated that 200 ÌM treatment over an 8-hour period

using dihydroartemisinin (DAR) reduced the cell number

of cultured molt-4 lymphoblastoid cells by 50% (3). Singh et
al. further demonstrated a 28% reduction in breast cancer

cells after 16-hour exposure to 200 ÌM of DAR (4).

Recently, other derivatives of AR were tested in vitro and

found to have cytotoxicity against leukemia, ovarian cancer

cells and non-small cell lung cancer cells (5). 

Squamous cell carcinoma is the most common malignant

neoplasm in the oral cavity and tends to be aggressive if not

discovered early. Tobacco and alcohol are the most common

etiologies of this disease. However, human papillomavirus

(HPV) has been implicated as a significant etiology,

especially in younger and non-smoking patients. HPV type

16 is the most frequently identified type of HPV in oral

squamous cell carcinoma (6, 7). Our laboratory successfully

infected normal oral epithelial cells with the HPV 16 E6/E7

gene (IHGK), which led to immortalization of the normal

cells. The cell line was passaged more than 380 times, as

opposed to normal cells, which senesce and die at 7-9

passages (8, 9). In addition to immortalization, this line has

consistently demonstrated histological features of carcinoma

in situ and invasion (Figure 1B) of the underlying matrix

using a three-dimensional organotypic culture system (9).

Based on our studies, we believe that the IHGK cell line is a

useful model for oral squamous cell carcinoma and we chose

to use it in this manner.

The treatment of choice for oral squamous cell carcinoma

is surgery. However, surgery with radiation and/or

chemotherapy, or chemotherapy alone, is used at times. 5-

Fluorouracil (5-FU) is a chemotherapeutic agent commonly

used in conjunction with other agents such as cisplatin and

methotrexate (10). 5-FU alone or in combination with other

drug(s) is used to treat cancer in a variety of sites, including

breast, cervix, ovaries, gastrointestinal tract and head and

neck (11). Chemotherapy, regardless of the malignancy

being treated, is always associated with unpleasantness and

often causes serious complications and side-effects.

Therefore, alternative chemotherapy with minimal or no

side-effects should be carefully considered. AR is a

relatively safe drug with few side-effects even at high doses

(1, 12). It has no identifiable dose-related adverse effects in
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humans and only very rarely produces allergic reactions

(13). The effect of 5-FU on cultured oral epithelial cells has

been reported by our laboratory previously (14). This study

is designed to focus on the effect of AR on oral malignant

epithelial cells with 5-FU used as a control.

Materials and Methods

Cell culture. All experiments were performed using an IHGK cell

line (Figure 1A and B). The cells were cultured in a Keratinocyte-

SFM (Invitrogen Co., Carlsbad, CA, USA) with 4mM L-glutamine

(Invitrogen Co.) and 1% Antibiotics/Antimycotic (Invitrogen Co.)

at 37ÆC in a 5% CO2 air atmosphere and fed every 48 hours. The

cells were seeded at approximately 1.5 x 105 cells/ml in 10ml

medium using 75-cm2 cell culture flasks (Corning Inc. Corning,

NY, USA), or in 1ml medium using 1-cm2 tissue culture chamber

slides (Nalge Nunc International, Naperville, IL, USA). 

Dose response. Time- and dose-response experiments for DAR

(Calbiochem, San Diego, CA, USA) and 5-FU (Sigma, St. Louis,

MO, USA) were performed. DAR was administered in

concentrations ranging between 50 ÌM and 400 ÌM and 5-FU

between 15 mM and 30 mM. Treatment periods were planned

ranging from 6 to 96 hours. 

TUNEL analysis for apoptosis. For the TUNEL analysis, IHGK

cells with and without DAR and 5-FU were cultured in 1-cm2

chamber slides at 1 x 104 cells per well for 24 hours. The cells were

fixed with 4% paraformaldehyde at room temperature for one

hour. They were then treated with a TUNEL mixture containing

terminal deoxynucleotidyl transferase (TdT) and fluorescein-dUTP.

Following this treatment, the fluorescein was detected by the anti-

florescein antibody conjugated with alkaline phosphatase (In situ
cell death detection Kit AP, Mannheim, Germany). The substrate

reaction for alkaline phosphatase was performed by Alkaline

phosphatase substrate kit I (Vector Laboratories, Inc., Burlingame,

CA, USA). Cells were evaluated using Olympus BH-2 light

microscopy.

Immunohistochemistry and antibodies. For the immunohistochemistry

studies, cells were cultured in 1-cm2 chamber slides similar to those

used for TUNEL. Staining was performed using the avidin-biotin

methods (ABC-Elite Kit; Vector). Five primary antibodies were used

in this study: mouse monoclonal antibody to Bcl-2 (1:100 Santa Cruz,

CA, USA sc-7382), mouse monoclonal antibody to p53 (1:500 Santa

Cruz sc-263), rabbit polyclonal antibody to Bax (1:100 Santa Cruz sc-

526), rabbit polyclonal antibody to CD40 (1:100 Santa Cruz sc-974)

and rabbit polyclonal antibody to CD40L (1:400 Santa Cruz sc-978).

After the treatment with 2 mM DAB, cells were evaluated using an

Olympus BH-2 light microscopy. 

ANTICANCER RESEARCH 24: 2153-2160 (2004)

2154

Figure 1. The hematoxylin and eosin-stained section of normal (A) and  IHGK cells (B) grown by organotypic culture system. Note the cellular and
nuclear pleomorphism, prominent nucleoli and invasion of the matrix in IHGK cells (B).



Cell cycle distributions. The cell cycle studies were performed using a

DNA-specific dye, 4,6-diamidino-2-phenylindole (DAPI), for flow

cytometry as described by Rabinovitch (15). A total of five groups of

IHGK cells were used. Two were treated with DAR, two with 5-FU

and one was in medium alone as a control. The DAR-treated cells

were at 200 ÌM and 400 ÌM and the 5-FU-treated cells were at 15

mM and 30 mM. They were all incubated at 37ÆC for 24 hours. After

treatment, about two million cells per group were trypsinized,

centrifuged and re-suspended in ice-cold DAPI solution and analyzed

using a Coulter ELITE cytometer (Coulter Corp, Maiami, FL, USA).

DNA content and cell cycle were analyzed using the MultiCycle

software program (Phoenix Flow System, San Diego, CA, USA).
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Figure 2. Cell culture. (A) 8 h. Control, (B) 8 h. 400 mM DAR-treated, (C) 24 h. Control (D) 24 h. 400 ÌM DAR-treated, (E) 48 h. Control, (F) 48 h.
400 mM DAR-treated.



Results

Dose-response. A time- and dose-response for DAR was

performed using the IHGK cells. As early as 8 hours after

treatment with 400 ÌM of DAR, IHGK cells demonstrated

evidence of detachment from the culture dish compared to

the medium alone control cells (Figure 2 A and B). The cell

cytolysis was both time- and dose-dependent. The cell death

with 200 ÌM DAR concentration was less evident after 

8 hours of treatment and slightly evident after 24 hours of

treatment. However, with 400 ÌM of DAR almost 40% of

the cells were dead by 24 hours and 63% by 48 hours

(Figure 2 C, D, E, F). Morphologically, dead and dying cells

appeared uniformly small, spherical in shape, golden in

color and detached from the culture dishes when compared

to the normal control cells, which were more cuboidal and

flat (Figure 2 A, C, E). 5-FU-treated cells, on the other

hand, demonstrated clear cytotoxic changes at the early

stages of 8 and 16 hours, followed by 85% reduction after

24 hours of treatment. None of the cells survived 5-FU

treatment at 48 hours. Based on our data, the optimal dose

and treatment times for complete elimination of these cells

are 400 ÌM over a 24-hour period for DAR and 15 mM

over a 24-hour period for 5-FU.

TUNEL analysis. To differentiate between apoptosis and

necrosis, we used TUNEL to stain cells treated separately

with DAR and 5-FU at doses of 400 ÌM and 15 mM,

respectively. The cells were washed and stained using the

TUNEL technique as described above. The DAR-treated

cells demonstrated 82% positive staining with TUNEL

(Figure 3C) while only 18% of the 5-FU-treated IHGK cells
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Figure 3. (A) 24 h. Control, (B) 24 hr. Control, (C) 24 h. 400 ÌM DAR-treated, (D) 24 h. 15 mM 5-FU-treated.



were positive (Figure 3D). Medium-alone control cells

demonstrated about 1% positive cells (Figure 3A and B).

Bcl-2, p53, Bax, CD40, CD40L immunohistochemical analysis.
DAR-, 5FU-treated cells and control IHGK cells were stained

by immunohistochemistry with antibodies directed to apoptosis

to determine the process of cell death. Control IHGK cells

were focally-positive for Bcl-2 (Figure 4A), while the DAR-

treated cells were negative (Figure 4B). The tumor suppressor

gene p53 antibody was strongly and uniformly positive,

affecting 85% of DAR-treated cells (Figure 4D) compared to

the focally-positive control cells (Figure 4C). Like p53, Bax was

strongly and uniformly positive, affecting 78% of the DAR-

treated cells (Figure 4F) compared to 16% positive control
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Figure 4. Bcl-2, p53, Bax immunohistochemical analysis. (A) Bcl-2 - Control 24 h (B) Bcl-2 - 24 h 400 mM DAR-treated (C) p53 - Control 24 h (D)
p53-24 h 400 mM DAR-treated (E) Bax-Control 24 h (F) Bax-24 h 400 mM DAR-treated.



cells (Figure 4E). Both control and DAR treated cells were

uniformly positive to the antibodies to ligands CD40 and

CD40L. However, both antibodies were slightly more positive

in the treated cells (Figure 5 A-D). 

Cell cycle distributions. Flow cytometry analysis showed that

cells treated with DAR and 5-FU varied in their cell cycle

profile. The proportions of cells in the G1-, S- and G2-phases

after 24 hours of treatment compared to the control cells are

displayed in Figure 6. The cell cycle profile of the control cells

was very similar to the cells treated with 400 ÌM DAR.

Although the S-phase proportion among the DAR-treated

cells was slightly more than that of the control cells (21% vs.
16%), the difference was not statistically significant. The 5-FU-

treated cells, on the other hand, demonstrated a significant

decrease in the number of cells in the G1- and G2-phase and

a substantial increase in S-phase cells: 45.8% compared to 16%

in the control group.

Discussion

Oral squamous cell carcinoma presents a significant health

problem that affects over half a million people in the world

each year (16). Treatment has traditionally consisted of

surgery, with radiation and chemotherapy used as supportive

measures (17). Recent advances in the understanding of

chemotherapy have produced new strategies for the use of

chemotherapeutic agents in a primary role. Some studies

suggest that in 40% of patients with head and neck cancer,

including oral cancer, chemotherapy followed by radiation

therapy produces results comparable to treatment with

surgery and radiation therapy (18). 5-FU is a commonly used

chemotherapeutic agent (19), typically used in combination

with cisplatin (20). However, conventional chemotherapy

agents have been associated with numerous significant

clinical complications including nausea, hair loss and

pancytopenia, which makes alternative and less toxic

chemical treatment of oral cancer highly desirable.

AR has been shown, through its wide use as an antimalarial

drug, to be a non-toxic chemical with minimal or no side-

effects. One clinical case report demonstrating the

effectiveness of AR on laryngeal cancer has been reported in

which a 71-year-old male from India with stage II well-

differentiated squamous cell carcinoma responded with 30%

reduction in the size of the lesion after two weeks of treatment

with 60 mg of artesunate, an AR analog given intramuscularly

(21). AR has been shown in both in vitro (22,23) and in animal

models (24) to be cytotoxic to many malignant neoplasms. 
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Figure 5. CD40, CD40L immunohistochemical analysis. (A) CD40 - Control (B) CD40 – 400 ÌM DAR-treated (C) CD40L - Control. (D) CD40L –
400 ÌM DAR-treated.



Based on the cell number and morphology (Figure 2), our

data demonstrate that DAR is cytotoxic to the IHGK cells;

furthermore, we show that the effect of DAR is dependent

on both dose and time. Our results also show that the effect

of DAR on the IHGK cells was not as toxic as that of 5-FU:

a small dose of 5-FU lysed 85% of the cells in a 24-hour

period, compared to 40% cell death with 400 ÌM DAR in 24

hours and 63% in 48 hours. It is necessary to state that 15

mM 5-FU is less than the optimum dose of treatment for oral

squamous cell carcinoma (14). The less intense cytotoxicity

of DAR is also supported by the cell cycle distribution results

(Figure 6), in which 45.8% of cells treated with 5-FU were in

S-phase while only 21% of the DAR-treated cells were. The

high rate of cells in S-phase is an indication of cell DNA

damage, leading to increased cell proliferation. 

The results of the TUNEL analysis clearly demonstrate

that DAR-treated IHGK cells die by apoptosis. The low

positive score (18%) of the 5-FU-treated cells is an

indication that 5-FU kills malignant cells mostly by cell

necrosis and partly by apoptosis. The high positive score

(82%) in the DAR-treated cells is a clear indication that

artemisinin kills cells through apoptosis.

To confirm the apoptotic effect of DAR using an

immunohistochemistry technique, we stained treated and

control cells with five antibodies: Bcl-2, p53, Bax, CD40 and

CD40L. The p53 tumor suppressor gene has been reported to

induce the up-regulation of pro-apoptotic Bax and down-

regulation of anti-apoptotic Bcl-2 (25). Increased Bax and

lowered Bcl-2 expression has been shown to reduce

mitochondrial membrane potential (26), which has been

defined as the early event in the process of apoptosis (27). It

has been demonstrated that higher levels of p53 expression are

necessary for the induction of apoptosis (28, 29), and CD40 is a

member of the tumor necrosis factor receptor (TNFR)

superfamily (30). It has been previously shown that, in common

with other members of the TNFR family, CD40 stimulation

sensitizes carcinoma cells in vitro to apoptosis induced by

cytotoxic chemotherapy (31). CD40 ligand (CD40L), also

known as CD154, functions as the natural ligand for CD40 (30,

32, 33). Our immunohistochemical staining results demonstrate

an increased expression of p53 and Bax and a decreased

expression of Bcl-2 after treatment with DAR. These results

support our hypothesis that DAR kills IHGK cells by apoptosis.

The increased expression of CD40 and CD40L in the DAR-

treated cells also corroborates the apoptotic effect of DAR. 

In conclusion, our results strongly suggest that DAR is

cytotoxic to oral malignant epithelial cells and that it kills

these cells by apoptosis rather than by necrosis, as is the case

with the widely used chemotherapy agent 5-FU. It is also clear

that DAR is both time- and dose-dependent. Our findings

have potential clinical applications for the chemotherapeutic

treatment of oral squamous cell carcinoma. 
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Figure 6. Cell cycle distribution.
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