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ABTRACT
        The dengue virus, a mosquito-borne member of the family flaviviridae, causes
dengue fever and the more severe forms, dengue haemorrhagic fever (DHF) and
dengue shock syndrome (DSS). At present dengue fever is distributed throughout the
world, especially in Southeast Asia and has become one of the most important
international health problems because of the absence of a dengue vaccine or a specific
treatment. The pathogenesis of DHF and DSS is not well understood. As such,
knowledge about the receptors for dengue is necessary because the initial binding of a
virus to a target cell is a critical determinant of cell and tissue specific tropism and
thus of pathogenesis. The liver is suspected as a target organ for dengue infection.
Previous studies have shown that some viral receptors are expressed in a cell cycle
dependent manner, such as the Epstein-Barr virus (EBV) receptor and the Adenovirus
receptor. The aim of this thesis is to determine whether the receptors for dengue are
expressed depending upon the cell cycle stage of the target cells, which are HepG2
cells and Vero cells. HepG2 and Vero cells were synchronized by several methods
such as the thymidine double block method to synchronize cells into S phase;
paclitaxel to synchronize cells into M phase and serum starvation method to
synchronize HepG2 cells into G2 phase and to synchronize Vero cells into the G0
phase. After the cells were synchronized, the differential susceptibility of the
synchronized cells to infection with the dengue virus, as compared to unsynchronized
cells, was determined. The results showed that dengue serotype 2 and 3 production
from HepG2 and Vero cells in each phase of the cell cycle is different. Next the
percent infectivity of dengue serotype 2 and 3 in HepG2 and Vero cells in each phase
of the cell cycle was determined. The percent infectivity of dengue serotype 2 and 3 in
HepG2 cells is different among each phase of the cell cycle whereas in Vero cells is
not different. These results imply that the receptors of dengue serotype 2 and 3 in
HepG2 cells may be expressed differently in each phase of the cell cycle. In contrast,
the receptors for Vero cells may be expressed at a constant level in each phase of the
cell cycle or alternatively the dengue virus may use a different method of entry into
Vero cells (a non-target tissue) such as dirct membrane fusion and not receptor-
mediated endocytosis.
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บทคัดยอ
โรคไขเลือดออกเกิดจากการติดเชื้อไวรัสไขเลือดออก ซ่ึงสามารถติดตอผานทางยุงลาย โรคนี้เปน
ปญหาสุขภาพที่สําคัญของโลก เนื่องจากยังไมมีวัคซีนปองกันและการรักษาที่จําเพาะ ปจจุบันความรู
ทางพยาธิวิทยาของโรคยังไมเปนที่ทราบแนชัด แตมีการพบวาขั้นตอนแรกของการที่ไวรัสเขาสู
เซลลเปาหมายและเพิ่มจํานวนไดคือ การจับกับตัวตอบรับบนผิวเซลล เปนขั้นตอนที่สําคัญ โดยมีตับ
เปนอวัยวะเปาหมายอยางหนึ่ง จากการศึกษาเบื้องตนพบวา ตัวตอบรับของไวรัสบางชนิด เชน
Epstein-Barr Virus และ Adenovirus มีการแสดงออกบนผิวเซลลที่ติดเชื้อไวรัสแตกตางกันใน
แตละชวงของวัฎจักรของเซลล งานวิจัยนี้จัดทําขึ้นเพื่อศึกษาการแสดงออกของตัวตอบรับของไวรัส
ไขเลือดออกในแตละชวงของวัฎจักรของเซลล โดยไดทําการศึกษาในเซลลเปาหมายของไวรัส คือ
เซลล HepG2 และเซลลที่ไมใชเซลลเปาหมาย คือ เซลล Vero ขั้นตอนแรกของการวิจัยคือการแยก
เซลลใหอยูในแตละชวงของวัฎจักรของเซลล เชน ใช thymidine มายับยั้งการสราง DNA ซ่ึงจะทํา
ใหเซลลอยูในระยะ S, ใช paclitaxel ทําใหเซลลอยูในระยะ M และเพาะเลี้ยงเซลลในอาหารเลี้ยง
เซลลที่ปราศจากซีร่ัมเพื่อทําใหเซลล HepG2 อยูในระยะ G2 และทําใหเซลล Vero อยูในระยะ G0

จากนั้นจึงนําเซลลในแตละชวงมาติดเชื้อไวรัสไขเลือดออกซีโรไทพ 2 และ 3 พบวา ไวรัสไขเลือด
ออกทั้งสองซีโรไทพ ออกจากเซลล HepG2 และ เซลล Vero ในแตละชวงแตกตางกัน แตเมื่อทํา
การวิเคราะหเปอรเซ็นตการติดเชื้อของเซลลในแตละชวงของวัฎจักรของเซลล พบวา เปอรเซ็นตการ
ติดเชื้อของเซลล HepG2 ในแตละชวงมีความแตกตางกัน ในขณะที่เปอรเซ็นตการติดเชื้อของเซลล
Vero ในแตละชวงนั้นไมตางกัน จากผลการศึกษาสรุปไดวา ตัวตอบรับของไวรัสไขเลือดออกซีโร
ไทพ 2 และ 3 บนผิวเซลล HepG2 แสดงออกในแตละชวงของวัฎจักรของเซลลแตกตางกัน แตใน
เซลล Vero นั้น การแสดงออกของตัวตอบรับของไวรัสไขเลือดออกทั้งสองซีโรไทพไมแตกตางกัน
ในแตละชวงของวัฎจักรของเซลล หรืออาจเปนไปไดวา ไวรัสไขเลือดออกทั้งสองซีโรไทพ เขาไป
ในเซลล Vero โดยวิธี Membrane fusion ซ่ึงไมจําเปนตองอาศัยตัวตอบรับในกระบวนการเขา
เซลล
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 CHAPTER I

INTRODUCTION

1. Epidemiology
        Dengue fever (DF), dengue haemorrhagic fever (DHF) and dengue shock

syndrome (DSS) caused by the dengue virus have been globally prevalent over the

past 40 years. In 1996, the World Health Organization (WHO) estimated that more

than 2.5 billion people now live in areas where dengue is endemic. Up to 20 million

people are afflicted annually by the disease, resulting in more than 24,000 deaths.

Additionally, there are around 500,000 pediatric cases of DHF which demand

intensive cares in hospital each year (1).

        Dengue fever was first documented at the beginning of the nineteenth century.

However the global epidemiology and transmission dynamic of the dengue virus were

changed dramatically in Southeast Asia during the Second World War. Because of the

war, hundreds of thousand of Japanese and allied soldiers, most of them susceptible to

dengue virus infection, were moving in and out of this area. This gave ideal condition

for movement of viruses between cities, countries and regions, as well as providing

susceptible individuals for epidemic transmission. Moreover, the disruption and

changes in the ecology expanded the geographical distribution and increased densities

of the principal mosquitoes vector, which is Aedes aegypti, making many countries in

this region highly permissive for epidemic transmission. In the years after the war,

most countries in Southeast Asia were hyperendemic and a few years later DHF

occurred in this region. The first epidemic occurred in Manila, the Philippines in 1953-

1954. After that an epidemic occurred in Bangkok, Thailand in 1958. Later on, other

Southeast Asia countries as well as some Pacific Islands had evidenced dengue

epidemics (2-4).

        In Thailand, dengue has long been among the top five of the most common

communicable diseases in the country, which are: diarrheal diseases, conjunctivitis,

pneumonia, DHF, and malaria(5). In the beginning, about 50 to 100 cases were
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diagnosed annually until the first large outbreak of the disease in 1958 when 2,158

cases and 300 deaths were reported. Since then, the reported number of cases has been

gradually increasing. In the first few outbreaks, the disease was mainly found in

Bangkok and its surrounding areas and the majority of cases were children aged

between 2 and 6 years. Since 1965, the disease has been reported in all regions of the

country. There are many factors that facilitate the spread of DHF in Thailand. Rapid

demographic and societal changes have taken place in the past 20 years. The

movement of population from rural areas to Bangkok and other big cities has resulted

in uncontrolled urbanization with poor sewage management systems, which facilitated

the breeding of mosquitoes. The essential spread of used automobile tyres and plastic

materials further intensified the already uncontrolled DHF vector multiplication.

Moreover, shortage of piped water supply in both urban and rural areas has created the

practice of conserving water in household containers that are potential breeding places

of Aedes mosquito, the main vector of DHF in Thailand. The massive population

movement in recent years has further facilitated the spread of the dengue virus from

high endemic areas to the rest of the country. All these factors coupled with ineffective

DHF control measures in the past have resulted in high morbidity caused by DHF and

the dramatically increasing trend of the disease in Thailand (6).

2. Clinical features and pathogenesis
        Dengue virus infection causes a spectrum of illness ranging from inapparent or

mild febrile illness to severe and fatal haemorrhagic disease. Infection with any one of

four serotypes causes a similar clinical presentation that may vary in severity. The

incubation period varies from 3 to 14 days. Dengue fever (DF) is a non-fatal febrile

disease associated with sudden onset, extreme malaise, and pain of the muscles, back,

limbs and eyes; rash is common as other non-specific constitutional symptoms such as

nausea, vomiting and headache. The severe forms of the disease are dengue

haemorrhagic fever (DHF) and DHF with plasma leakage that may lead to

hypovolaemic shock; dengue shock syndrome (DSS) (figure 1)
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        The severity of DHF is further graded according to clinical criteria. Grade I, the

fever accompanies with nonspecific constitutional symptoms. The only haemorrhagic

manifestation is a positive tourniquet test. In grade II, there is spontaneous bleeding,

usually from the skin, nose or gums, in addition to the manifestation of grade I. In

grade III the circulatory failure manifests by a rapid, weak pulse with narrowing of

pulse pressure (<20mm Hg) or hypotension. In gradeIV, moribund patients have

undetectable blood pressure and pulse. Grade III and IV are called DSS. DHF

encompasses all four grades (7).

        Two main pathophysiological changes occur in DHF/DSS. One is an increased

vascular permeability that gives rise to loss of plasma from the vascular compartment.

This results in haemoconcentration, low pulse pressure and other signs of shock, if

plasma loss becomes critical. The second change is a disorder in haemostasis

involving vascular changes, thrombocytopenia and coagulopathy.

        A constant finding in DHF/DSS is the activation of the complement system, with

profound depression of C3 and C5 levels. The mediators that increase vascular

permeability and the precise mechanism(s) of the bleeding phenomena seen in dengue

infection have not been identified yet. Platelet defects may be both qualitative and

quantitative. For example, some circulating platelets during the acute period of DHF

may be incapable of normal function. Therefore, even a patient with a platelet count

greater than 100000 per mm3 may still have a prolonged bleeding time.

        A mechanism that may contribute to the development of DHF/DSS is

enhancement of virus replication in macrophages by heterotypic antibodies. In

secondary infection with a virus of a different serotype from that causing the primary

infection, cross-reactive antibodies that fail to neutralize the virus may increase the

number of infected monocytes as dengue virus-antibody complexes are taken into

these cells. This may result in the activation of cross-reactive CD4+ and CD8+

cytotoxic lymphocytes. The rapid release of cytokines caused by the activation of T

cells and by the lysis of infected monocytes mediated by cytotoxic lymphocytes may

result in the plasma leakage and haemorrhage that occur in DHF (1).
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3. Dengue Virus
        Dengue virus is a member of the genus Flavivirus within the family Flaviviridae.

There are four serotypes, called DEN-1, DEN-2, DEN-3 and DEN-4, which are

antigenically related. Dengue has spherical shape of about 40-50 nm in diameter, with

a lipid envelope enclosing an isomeric nucleocapsid core of 30 nm in diameter. The

genome of dengue is a positively single-stranded sense RNA of length 10188, 10173,

10170 and 10158 nucleotides for DEN 1-4 respectively and consists of a single open

reading frame that encodes a polyprotein precursor of 3396, 3391, 3390 and 3386

amino acids for DEN 1-4 respectively. After the polyprotein precursor is processed by

host and viral protease, it generates 10 mature proteins including 3 structural proteins,

which are capsid (C), membrane (M) and envelope (E) protein, and 7 non-structural

proteins, which are NS1, NS2A, NS2B, NS3, NS4A, NS4B and NS5 (2;8;9).(figure 2)

        3.1 Cellular targets of virus

        Dengue virus has been detected in cells of the monocyte-macrophage lineage in

the lymphoid organ, lung, spleen, bone marrow and liver of patients with dengue

infection and there are reports of isolation of dengue virus from peripheral blood

mononuclear cells during the viraemic period (10-12). Even though monocytes and

macrophages are shown to be the major targets for dengue infection, liver involvement

in clinical pathogenesis has been corroborated by demonstration of dengue virus RNA

by reverse transcription (RT)-PCR in liver tissue samples obtained from children with

fatal dengue fever (13;14). Moreover dengue virus antigen has been detected in

hepatocytes, and virus particle was recovered from the liver biopsy specimens of DHF

patients (11). In addition, the levels of aspartate transaminase (AST) and alanine

transaminase (ALT), which are synthesized by liver, in serum were significantly

higher (15-17). The cited reports indicate malfunction of the liver, which may be

caused by either direct dengue virus infection of liver cells or dengue virus- mediated

host immune responses and suggest that the liver is one of the target organ of dengue

infection.
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3.2 Mechanism of dengue entry into cells

        Binding of virus particles to receptors brings them in intimate physical contact

with the cell surface and sets the stage for crossing the membrane barriers. Viruses

then enter the cells either by direct fusion with the plasma membrane or by adsorptive

or receptor-mediated endocytosis. Hase et al. (18) studied the entry modes of dengue

virus into C6/36 mosquito cells and of DEN-2 virus into human peripheral blood

monocytes in vitro. They found that inoculation of dengue virus into C6/36 cells and

human peripheral blood monocytes resulted in direct penetration of the virions into the

cytoplasm at the cell surface. In adsorptive endocytosis, the receptor-virus complex is

internalized in clathrin-coated pits and delivered to endosomes. The acidic interior of

the endosome triggers the viral fusion protein conformational change. Dengue enter

into host cells by utilizing one of the two pathways preferentially or by both

mechanisms (19).

3.3 Intracellular viral replication

        After dengue virus binds to cell surface, it is uptaken by endocytosis or direct

fusion of viral cellular membrane. (figure 3) Once in the endocytic vesicle and

following lowering of the pH in the endosomal milieu the virus envelope proteins

undergoes an irreversible conformational change, from a dimer to a trimer (18). This

change facilitates the subsequent fusion of the virus envelope and host cell endosomal

membrane, and the nucleocapsid is released into the cytoplasm. This is followed by

the immediate translation of the uncoated viral genome, a single stranded positive-

sense RNA. After that the 5’ untranslated region (5’UTR) directs the RNA to the

ribosomes, where the translation of the single open reading frame into a precursor

polyprotein occurs. The viral polyprotein is processed co- and posttranslationally into

individual and functional viral proteins. Cellular and viral proteases carry out this

process. The RNA-dependent RNA polymerase associated with cofactors, produces

minus-strand single-stranded RNA, which in turn serves as a template for the

production of new plus-strand single-stranded RNA. After replication, the viral

genome is encapsidated in the nucleocapsid proteins and directed to the endoplasmic
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Figure 3. The replicative cycle of members of the Flavivirus. (2)
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reticurum or other membranous structures induced by viral infection, where the

immature virus, surrounded by a lipid envelope containing viral proteins, buds off into

the lumen. Finally, the enveloped proteins become glycosylated and mature viruses are

released into the extracellular space (2).

3.4 Putative receptor(s) for dengue virus

        The identification of dengue virus receptors on target cells is still not definitive,

although the involvement of the virus envelope protein in the process has not been

debated. Infection of some cells may involve anti-dengue antibody-mediated immune

adherence by means of the Fc domain of antibody that bound to virus, mediating

binding to cells. Daughaday et al. (20) described that dengue virus could infect

cultured monocytes in two ways: through a trypsin sensitive receptor or through

trypsin insensitive Fc receptor (FcR), while Chen et al. (21) reported that a

recombinant dengue virus envelope-Fc fusion protein were unable to detect binding to

human monocyte other than via the FcR. Later, another cell that can use FcR to

mediate dengue infection is human platelet (22).

        In addition, there are many trypsin sensitive proteins, which have been reported

to be receptors for dengue infection. Moreno-Altamirano et al. (23) studied about the

putative receptors on monocyte-macrophages and they found that possible receptors

for DEN-2 on monocyte-macrophages are membrane protein with apparent molecular

masses of 27,45,67 and 87 kDa. Moreover Salas-Benito et al. (24) reported that

dengue virus binding molecules on the surface of C6/36 cells are glycoproteins of 40

and 45 kDa. Other cells that use trypsin sensitive proteins as the putative receptors are

human hepatoma HepG2 cells and simian kidney Vero cells (25).

        Additionally, Glycoaminoglycans such as heparan sulphate (HS) can be used for

initial binding to the target cells. HS is a repeating highly negatively charged linear

copolymer of variably sulfated uronic acid and glucosamine carbohydrate residues.

For example, there are studies that found that HS is the important host components for

dengue virus infection in human liver cell line-such as HuH-7, HA22T, Hep3B, PLC,

and Chang liver (26;27), Vero, CHO cells (28)and baby hamster kidney cells (29).

        Another putative receptor that has been studied is CD14 associated molecule.

Chen et al. (30) studied about dengue infection in monocyte/ macrophages. They

found that bacterial lipopolysaccharide blocked dengue virus entry into human
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monocyte/macrophages via it’s receptor CD14 and that a CD14-associated cell surface

structure may be essential for the initiation of dengue virus infection.

4. Receptors and cell cycle
        There are many receptors that are cell cycle dependent receptors.

4.1 Cell cycle

        A cell reproduces by carrying out an orderly sequence of events in which it

duplicates its contents and then divides in two. This cycle of duplication and division,

known as the cell cycle, is the essential mechanism by which all living things

reproduce. In unicellular organisms, such as bacteria or yeast, each cell division

produce a complete new organism, while in multicellular organisms, many rounds of

cell division are required to make a new individual from the single-celled egg.

        The duration of the cell cycle varies greatly from one cell type to another. Single-

celled yeast can divide every 90-120 minutes in ideal conditions, while a mammalian

liver cell divides on average less than once a year (table1) (31). A typical eukaryotic

cell cycle is illustrated by human cell in culture, which divide approximately every 24

hours.

Table 1 Some eukaryotic cell-cycle frequency (31)

                    Cell Type                           Cell-Cycle Frequency

Early frog embryo cells                                 30 minutes

Yeast cells                                                     1.5-3 hours

Intestinal epithelial cells                               ∼12 hours

Mammalian fibroblasts in culture                 ∼20 hours

Human liver cells                                          ∼1 year
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        As viewed under the microscope, the cell cycle is divided into two parts: mitosis

and interphase. Mitosis (nuclear division) is the most dramatic stage of the cell cycle,

corresponding to the separation of daughter chromosomes and usually ending with cell

division (cytokinesis). These two processes together constitute the M phase of the cell

cycle. However the M phase last only about an hour, so approximately 95% of the cell

cycle is spent in interphase. During interphase, the chromosomes are decondensed and

distributed throughout the nucleus, so the nucleus appears morphologically uniform.

At the molecular level, however, interphase is the time during which both cell growth

and DNA replication occur in an orderly manner in preparation for cell division.

Interphase is divided into the remaining three phases of the cell cycle. During S phase

(S = synthesis), the cell replicates its nuclear DNA, an essential prerequisite for cell

division. S phase is franked by two phases where the cell continues to grow. The G1

phase (G = gap) is the interval between the completion of M phase and the beginning

of S phase (DNA synthesis). The G2 phase is the interval between the end of S phase

and the beginning of M phase. In addition, entrance into and exit out of the cell cycle

occurs as a cell passes between active proliferation and a quiescent or G0 state, in

which the fundamental metabolism of the cell is depressed, including many of its

usually active functions such as transcription and protein synthesis. Deprivation of

growth factors can cause a cell to exit into G0, whereas stimulation with growth factors

can signal a cell to re-enter the active cycle (32).(figure  4)
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Figure 4. Regulation of animal cell cycles by growth factors

The availability of growth factors controls the animal cell cycle at a point in late

G1 called the restriction point. If the growth factors are not available during G1, the

cells enter quiescent stage of the cycle called G0 (32).
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        The DNA content can distinguish cells at different stages.(figure 5) For example,

animal cells in G1 are diploid (containing two copies of each chromosome). So their

DNA content is referred to as 2n (n designates the haploid DNA content of the

genome). During S phase, replication increases the DNA content of the cell from 2n to

4n so cells in S have DNA contents ranging from 2n to 4n. DNA content then remains

at 4 n for cells in G2 and M, decreasing to 2n after cytokinesis. Experimentally, cellular

DNA content can be determined by incubation of cells with a fluorescent dye that bind

to DNA, followed by analysis of the fluorescence intensity of individual cells in a flow

cytometer or fluorescence-activated cell sorter, thereby distinguishing cell in the

G0/G1, S, and G2 /M phases of the cell cycle(32).

4.2 Receptors and cell cycle

        There are many receptors that express differently in each phase of the cell cycle.

For example, Cassanelli et al. (33) used immunofluorescence techniques to label

progesterone receptor (PR) on the MCF-7 human breast cancer cell line and used

image cytometry to analyze the PR expression during G0, G1, S and G2/M cell-cycle

phases. They found that PR synthesis occurs preferentially during the G0-G1 transition

and that PR levels are constant during the G1-G2 transition. Not only PR, but vitamin

D receptor (VDR) expression also relates to the cell cycle. Segaert et al. (34) studied

the expression of VDR on cultured human keratinocytes. They observed a concomitant

loss of VDR expression when keratinocytes were forced into quiescence by depriving

growth factors. Mitogenic stimulation of these G0 cells however quickly unregulated

VDR levels several hours ahead the G1-S transition point. Growth arrest at the G1-S

border by mimosine treatment or at the metaphase by nocodazole also down regulated

VDR levels but a restoration of VDR expression was again quickly achieved after

reentering the cell cycle. These finding indicated that VDR expression in keratinocytes

is restricted to actively cycling cells, but not limited to one particular phase of the cell

cycle. In addition, interferon-α/β receptor (IFNAR) also express depend on the cell

cycle. Takane et al. (35) found that the expression of IFNAR mRNA significantly

increased when the proportion of murine B16 melanoma cells in DNA
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Figure 5. Determination of cellular DNA content

        A population of cells is labeled with a fluorescent dye that binds DNA. The cells

are then passed through a flow cytometer, which measures the fluorescence intensity

of individual cells. The data are plotted as cell number versus fluorescence intensity,

which is proportional to DNA content. The distribution shows two peaks,

corresponding to cells with DNA contents of 2n and 4n; these cells are in G1 and G2 /

M phases of the cell cycle, respectively. Cells in S phase have DNA contents between

2n to 4n and are distributed between these two peaks (32).
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synthesis (S) phase increased in vitro. Moreover, Majoul et al. (36) studied the

receptor for cholera and shiga toxin in Vero cells. Cholera and shiga toxins bind to the

cell surface via glycolipid receptors GM1 and Gb3, respectively. Their results show

that Cholera toxin binds preferentially in G0/G1, with little binding through S-phase to

telophase, whereas Shiga toxin binds maximally through G2 to telophase but does not

bind during G0/G1 and S phase. Furthermore, there is the receptor for Toxoplasma

gondii, an obligate intracellular parasite that has the same manner like those previous

receptors. Grimwood et al. (37) studied the receptor of Toxoplasma gondii on Chinese

hamster ovary cells and bovine kidney cells. Their results suggest that Toxoplasma

gondii bind specifically to a host cell receptor, which is upregulated in the mid-S phase

of the cell cycle.

        However, there are some viral receptors that express depending on the cell cycle.

Wells et al. (38) interested in Epstein-Barr virus (EBV) receptor. EBV receptor

positive cells absorbed FITC-conjugated virions and were subsequently stained for

DNA content with propidium iodide. These cells were analyzed by flow cytometer to

determine the relationship between cell cycle and EBV receptor expression on single

cells. From their results, EBV receptor was present throughout the entire cell cycle.

The level of expression, however, varied; increasing in G1 and G2/M while remaining

approximately constantly in S phase.

        Another viral receptor that also expresses differently in the cell cycle is

Adenovirus (Ad) receptor. Seidman et al. (39) evaluated Ad association with cells in

both unsynchronized and pharmacologically synchronized cell populations. In

unsynchronized cell populations, elevated Ad association with cells correlated with

expression of cyclin B1, a marker of entry into the M phase. The same analysis

conducted on cell populations that were synchronized at M phase or at S phase

confirmed that M phase cells bound three- to sixfold more than unsynchronized cells,

which are primarily in the G1 and G2 phases. Moreover, assessment of cell surface

expression of Ad receptors demonstrated that both the high-affinity coxakie-

adenovirus receptor for Ad fiber protein and the low affinity αv integrin receptor for

Ad penton base protein showed increased cell surface expression at M phase. These

results demonstrate that Ad infection of a homogenous population of cells can vary
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depending on the cell cycle stage, with enhanced Ad binding and expression

correlating with the enhanced expression of Ad receptors during M phase.

        Besides, the cell cycle may effect viral infection by changing the environment in

the cells. For example, the cell cycle of host cells may effect the infection of retrovirus

such as Rous sarcoma virus (RSV), Murine leukemia virus (MLV) and human foamy

virus (HFV) (40;41). Following entry into the cell cytoplasm, the retroviral genome

must gain access to host cell chromosomes within the nucleus to achieve stable

integration. During this process the retroviral DNA is present on a large complex with

a subset of retroviral proteins known as the preintegration complex (PIC) (42). The

physical size of the PIC is thought to exceed the upper limit for passive diffusion

through nuclear pores. In nondividing cells, viral entry, uncoating, DNA synthesis, and

formation of the MLV PIC occur at the same rate as in dividing cells, but integration

fails to occur (43;44). During mitosis, however, the nuclear membrane disassembles,

rendering the chromosome accessible to the MLV PIC.(44) These finding could

explain the conclusion that infection by retroviruses such as MLV, RSV and HFV

require cell division (40;41;43-46). However, the requirement for mitosis during

infection is not common to all retrovirus. Indeed, lentiviruses are able to infect certain

types of nondividing cells (43;47). This property is thought to be due to the ability of

lentiviral PIC to be actively transported across the membrane (48). Although the

precise mechanism by which nuclear entry is achieved remains elusive, nuclear

localization signals (NLS) have been identified on both Vpr and matrix proteins of

human immunodeficiency virus type 1 (HIV-1) and were initially thought to direct

nuclear localization of the PIC (49).
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CHAPTER II

OBJECTIVE

        Dengue is one of the most important international health problems in tropical and

subtropical region around the world. Dengue haemorrhagic fever and dengue shock

syndrome are a leading cause of hospitalization in many countries in Southeast Asia.

As of today, there is no drug to treat or vaccine to prevent this disease. As such dengue

will continue to be a significant problem in many parts of the world.

        The pathogenesis of DHF and DS is not well understood. As such knowledge

about the receptors for dengue is necessary because the initial binding of a virus to a

target cell is a critical determinant of cell and tissue specific tropism and thus of

pathogenesis. There are many evidences suggest that liver is one of the target organs

of dengue infection but the knowledge about the receptor for dengue in liver cells is

not clear.

        The aim of this thesis is to determine whether the receptors for dengue are

expressed in a cell cycle dependent manner in both a target cell line (HepG2) and a

non-target cell line (Vero).
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CHAPTER III

MATERIALS AND METHODS

1. source of materials
1.1 Chemical

Bovine serum albumin fraction V (BSA)       Sigma, Missouri, USA

Crystal violet                                                  Bio Basic Inc, Ontario, Canada

Dimethyl sulfoxide (DMSO)                         Amresco, Ohio, USA

EDTA                                                             Bio Basic Inc, Ontario, Canada

Gentamycin                                                    TP. Drug Laboratory, Bangkok, Thailand

Lactabumin hydrolysate                                 Sigma, Missouri, USA

Paclitaxel                                                        Sigma, Missouri, USA

Penicillin/Streptomycin                                 Hyclone, Utah, USA

Thymidine                                                      Sigma, Missouri, USA

1.2 Culture media and reagents

Bovine Calf serum                                        GIBCO BRL, Maryland, USA

Dulbecco’s Modified Eagle’s medium         GIBCO BRL, Maryland, USA

(DME / High Glucose powder)

Dulbecco’s Modified Eagle’s medium         GIBCO BRL, Maryland, USA

(DME / Low Glucose powder)                          

Fetal bovine serum                                        GIBCO BRL, Maryland, USA

Medium 199 (199/EBSS)                              HyClone, Utah, USA

MEM                                                             GIBCO BRL, Maryland, USA

Trypsin (1:250)                                             GIBCO BRL, Maryland, USA

1.3  Miscellaneous materials

Rabbit anti-GRP78 (GRP78(H-129))         Santa Cruz Biotechnology, California, USA

ImmunoPureGoat Anti-Rabbit IgG,        Santa Cruz Biotechnology, California, USA

(H+L) peroxidase conjugated
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Cycle test plus DNA reagent kit                   Becton Dickinson, California, USA

-Solution A

        contains trypsin in a spermine tetrahydrochloride detergent buffer for the

enzymatic disaggregation of the solid tissue fragments and digestion of cell

membranes and cytoskeletons.

-Solution B

        contains trypsin inhibitor and ribonuclease A in citrate stabilizing buffer with

spermine tetrahydrochloride to inhibit the trypsin activity and to digest the RNA.

-Solution C

        contains propidium iodide (PI) and spermine tetrahydrochloride in citrate

stabilizing buffer.

ECL Plus detection kit                                 Amersham Biosciences,  Little Chalfont

                                                                     Buckinghamshire, England

Nitrocellulose Transfer Membrane              PROTRAN, New Hamshire, USA

Prestained protein marker                            Fermentas, Maryland, USA

Seakem L.E. Agarose                                  BMA, Maine, USA

Standard protein marker                             Bio-Rad Laboratories Ltd., California, USA

1.4 Cell lines

1.4.1 HepG2  : hepatoma cell line from Homo sapiens (human)

1.4.2 Vero   : kidney cell line from cercopithecus aethiops (African

green monkey)

1.5 Dengue virus

DEN-1 virus strain 16007

DEN-2 virus strain 16681

DEN-3 virus strain 16562

DEN-4 virus strain 1036

1.6 Culture medium

        HepG2 : Dulbecco’s modified Eagle’s medium (DMEM), 10% fetal bovine

serum (FBS), 100 units/ml penicillin and 100 µg/ml strptomycin

        Vero    : DMEM, 5% FBS, 100 units/ml penicillin and 100 µg/ml streptomycin
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 2. Counting cells
        The number of cells was determined by using a hemocytometer. The cells in ten

squares of the 0.1 mm3 chamber formed by the 1x1 mm square and 0.1 mm height of

the coverslip were counted under the microscope. Before a drop of the cell suspension

was dropped to a side of the hemocytometer, the cells were trypsinized into single

cells. The number of cells was calculated to an accurate cell number per milliliter of

cell suspension (cells/ml).

3. Culturing of HepG2 and Vero cells
        The human hepatoma cell line HepG2 was maintained in Dulbecco’s modified

Eagle’s medium (DMEM) supplemented with 10% heat inactivated fetal bovine serum

(FBS) at 37 oC / 10% CO2, 100 units/ml penicillin and 100 µg/ml streptomycin. The

African green monkey kidney cell line Vero was maintained in Dulbecco’s modified

Eagle’s medium (DMEM) supplemented with 5% heat inactivated fetal bovine serum

(FBS) at 37 oC / 5% CO2, 100 units/ml penicillin and 100 µg/ml streptomycin.

4. Viral stocks
        Subconfluent Vero cells were infected with dengue virus at moi 0.1. Infected

cells were incubated in DMEM supplemented with 5% FBS at 37oC / 5%CO2. The

medium containing the virus was clarified by centrifugation at 1,200 rpm at room

temperature for 5 minutes on the day which had the highest viral yield. The

supernatant was supplemented with 20% (v/v) FBS and kept at –80 oC.

5. Viral production
        1.17x106 Vero cells in 10 cm diameter plate were infected with 2 ml dengue virus

serotype 1-4 at moi 1 at 37oC / 5% CO2 for 1.5 hours. After that the infected cells were

washed once with PBS, treated with 1 ml acid glycine pH3 for 1 minute and washed

with PBS again. DMEM supplemented with 5% FBS 10 ml was added and the

infected cells were incubated at 37oC / 5% CO2. The growth medium containing

dengue virus was collected every hour for 24 hours and titered by plaque assay.
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6. Synchronization of HepG2 cells into G0 phase by serum starvation

method, which is modified from the method in Yeh et al. (50)
        Method 1

        Approximately 1x106 HepG2 cells were seeded and grown in 5 ml DMEM

supplemented with 10% FBS in a 5-cm diameter plate at 37oC / 10% CO2 for 1 day.

The cells were then incubated in 5 ml DMEM supplemented with 0.1% FBS at 37oC /

10% CO2 for 36 hours.

        Method 2

        Approximately 1x106 HepG2 cells were seeded and grown in 5 ml DMEM

supplemented with 10% FBS in a 5-cm diameter plate at 37oC / 10% CO2 for 1 day.

The cells were then incubated in 5 ml DMEM supplemented with 0.1% FBS at 37oC /

10% CO2 for 48 hours.

        Method 3

        Approximately 1x106 HepG2 cells were seeded and grown in 5 ml DMEM

supplemented with 10% FBS in a 5-cm diameter plate at 37oC / 10% CO2 for 1 day.

The cells were then incubated in 5 ml DMEM supplemented with 0.1% FBS at 37oC /

10% CO2 for 3 days.

        Method 4

        Approximately 1x106 HepG2 cells were seeded and grown in 5 ml DMEM

supplemented with 10% FBS in a 5-cm diameter plate at 37oC / 10% CO2 for 1 day.

The cells were then incubated in 5 ml DMEM without FBS at 37oC / 10% CO2 for 36

hours.

        Method 5

        Approximately 1x106 HepG2 cells were seeded and grown in 5 ml DMEM

supplemented with 10% FBS in a 5-cm diameter plate at 37oC / 10% CO2 for 1 day.

The cells were then incubated in 5 ml DMEM supplemented without FBS at 37oC /

10% CO2 for 48 hours.

        Method 6

        Approximately 1x106 HepG2 cells were seeded and grown in 5 ml DMEM

supplemented with 10% FBS in a 5-cm diameter plate at 37oC / 10% CO2 for 1 day.

The cells were then incubated in 5 ml DMEM low glucose (GIBCO BRL) without

FBS at 37oC / 10% CO2 for 36 hours.
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        Method 7

        Approximately 1x106 HepG2 cells were seeded and grown in 5 ml DMEM

supplemented with 10% FBS in a 5-cm diameter plate at 37oC / 10% CO2 for 1 day.

The cells were then incubated in 5 ml DMEM low glucose (GIBCO BRL) without

FBS at 37oC / 10% CO2 for 48 hours

7. Synchronization of HepG2 cells into G2 phase
        Approximately 1x106 HepG2 cells were seeded and grown in 5 ml DMEM

supplemented with 10% FBS in a 5-cm diameter plate at 37oC / 10% CO2 for 1 day.

The cells were then incubated in 5 ml MEM (GIBCO BRL) without FBS at 37oC /

10% CO2 for 36 hours.

8. Synchronization of HepG2 cells into M phase by using paclitaxel

(39;51)
        Approximately 1x106 HepG2 cells were seeded and grown in 5 ml DMEM

supplemented with 10% FBS in a 5-cm diameter plate at 37oC / 10% CO2 for 1 day.

The cells were then incubated in 5 ml 0.1µM paclitaxel in DMEM supplemented with

10% FBS at 37oC / 10% CO2 for 24 hours.

9. Synchronization of HepG2 cells into G1 phase (52)
        Method 1

        Approximately 1x106 HepG2 cells were seeded and grown in 5 ml DMEM

supplemented with 10% FBS in a 5-cm diameter plate at 37oC / 10% CO2 for 1 day.

The cells were then incubated in 5 ml 0.1% DMSO in DMEM supplemented with 10%

FBS at 37oC / 10% CO2 for 96 hours.

        Method 2

        Approximately 1x106 HepG2 cells were seeded and grown in 5 ml DMEM

supplemented with 10% FBS in a 5-cm diameter plate at 37oC / 10% CO2 for 1 day.

The cells were then incubated in 5 ml 0.2% DMSO in DMEM supplemented with 10%

FBS at 37oC / 10% CO2 for 96 hours.
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10. Synchronization of HepG2 cells into S phase
        Method 1 (39)

        Approximately 1x106 HepG2 cells were seeded and grown in 5 ml DMEM

supplemented with 10% FBS in a 5-cm diameter plate at 37oC / 10% CO2 for 1 day.

The cells were then incubated in 5ml DMEM supplemented with 10 % FBS which

contains 5 µg/ml of aphidicolin at 37oC / 10% CO2 for 24 hours.

        Method 2 (39)

Approximately 1x106 HepG2 cells were seeded and grown in 5 ml DMEM

supplemented with 10% FBS in a 5-cm diameter plate at 37oC / 10% CO2 for 1 day.

The cells were then incubated in 5ml DMEM supplemented with 10 % FBS which

contains 5 µg/ml of aphidicolin at 37oC / 10% CO2 for 48 hours.

Method 3 (53)

Approximately 1x106 HepG2 cells were seeded and grown in 5 ml DMEM

supplemented with 10% FBS in a 5-cm diameter plate at 37oC / 10% CO2 for 1 day.

The cells were then incubated in 2mM thymidine in 5 ml DMEM supplemented with

0.1% FBS at 37oC / 10% CO2 for 12 hours. After that the cells were grown in 5 ml

DMEM supplemented with 10% FBS at 37oC / 10% CO2 for 10 hours. Finally the

cells were incubated in 5 ml 2mM thymidine in DMEM supplemented with 0.1% FBS

at 37oC / 10% CO2 for 12 hours.

Method 4 (54)

Approximately 1x106 HepG2 cells were seeded and grown in 5 ml DMEM

supplemented with 10% FBS in a 5-cm diameter plate at 37oC / 10% CO2 for 1 day.

The cells were then incubated in 5 ml 2mM thymidine in DMEM supplemented with

0.1% FBS at 37oC / 10% CO2 for 12 hours. After that the cells were grown in 5 ml

DMEM supplemented with 10% FBS at 37oC / 10% CO2 for 16 hours. Finally the

cells were incubated in 5 ml 2mM thymidine in DMEM supplemented with 0.1% FBS

at 37oC / 10% CO2 for 12 hours.
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11. Synchronization of Vero cells into G0 phase by serum starvation

method, which is modified from the method in Yeh et al. (50)
Method 1

Approximately 7x105 Vero cells were seeded and grown in 5 ml DMEM

supplemented with 5% FBS in a 5-cm diameter plate at 37oC / 5% CO2 for 1 day. The

cells were then incubated in 5 ml DMEM supplemented with 0.1% FBS at 37oC / 5%

CO2 for 36 hours.

Method 2

Approximately 7x105 Vero cells were seeded and grown in 5 ml DMEM

supplemented with 5% FBS in a 5-cm diameter plate at 37oC / 5% CO2 for 1 day. The

cells were then incubated in 5 ml DMEM without FBS at 37oC / 5% CO2 for 36 hours.

Method 3

Approximately 7x105 Vero cells were seeded and grown in 5 ml DMEM

supplemented with 5% FBS in a 5-cm diameter plate at 37oC / 5% CO2 for 1 day. The

cells were then incubated in 5 ml DMEM without FBS at 37oC / 5% CO2 for 48 hours.

Method 4

Approximately 7x105 Vero cells were seeded and grown in 5 ml DMEM

supplemented with 5% FBS in a 5-cm diameter plate at 37oC / 5% CO2 for 1 day. The

cells were then incubated in 5 ml DMEM low glucose (GIBCO BRL) without FBS at

37oC / 5% CO2 for 36 hours.

Method 5

Approximately 7x105 Vero cells were seeded and grown in 5 ml DMEM

supplemented with 5% FBS in a 5-cm diameter plate at 37oC / 5% CO2 for 1 day. The

cells were then incubated 5 ml in DMEM low glucose (GIBCO BRL) without FBS at

37oC / 5% CO2 for 48 hours.

Method 6

Approximately 7x105 Vero cells were seeded and grown in 5 ml DMEM

supplemented with 5% FBS in a 5-cm diameter plate at 37oC / 5% CO2 for 1 day. The

cells were then incubated in MEM (GIBCO BRL) without FBS 5 ml at 37oC / 5% CO2

for 36 hours.
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12. Synchronization of Vero cells into M phase by using paclitaxel

(39;51)
        Approximately 7x105 Vero cells were seeded and grown in 5 ml DMEM

supplemented with 5% FBS in 5-cm diameter plate at 37oC / 5% CO2 for 1 day. The

cells were then incubated in 0.1µM paclitaxel in 5 ml DMEM supplemented with 5%

FBS at 37oC / 5% CO2 for 24 hours.

13. Synchronization of Vero cells into G1 phase (52)
Method 1

        Approximately 7x105 Vero cells were seeded and grown in 5 ml DMEM

supplemented with 5% FBS in a 5-cm diameter plate at 37oC / 5% CO2 for 1 day. The

cells were then incubated in 5 ml 0.1% DMSO in DMEM supplemented with 5% FBS

at 37oC / 5% CO2 for 96 hours.

Method 2

        Approximately 7x105 Vero cells were seeded and grown in 5 ml DMEM

supplemented with 5% FBS in a 5-cm diameter plate at 37oC / 5% CO2 for 1 day. The

cells were then incubated in 5 ml 0.2% DMSO in DMEM supplemented with 5% FBS

at 37oC / 5% CO2 for 96 hours.

14. Synchronization of HepG2 cells into S phase
Method 1 (39)

        Approximately 7x105 Vero cells were seeded and grown in 5 ml DMEM

supplemented with 5% FBS in a 5-cm diameter plate at 37oC / 5% CO2 for 1 day. The

cells were then incubated in 5ml DMEM supplemented with 5 % FBS which contains

5 µg/ml of aphidicolin at 37oC / 5% CO2 for 24 hours.

Method 2 (39)

        Approximately 7x105 Vero cells were seeded and grown in 5 ml DMEM

supplemented with 5% FBS in a 5-cm diameter plate at 37oC / 5% CO2 for 1 day. The

cells were then incubated in 5ml DMEM supplemented with 5 % FBS which contains

5 µg/ml of aphidicolin at 37oC / 5% CO2 for 48 hours.
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Method 3 (53)

        Approximately 7x105 Vero cells were seeded and grown in 5 ml DMEM

supplemented with 5% FBS in a 5-cm diameter plate at 37oC / 5% CO2 for 1 day. The

cells were then incubated in 5 ml 2mM thymidine in DMEM supplemented with 0.1%

FBS at 37oC / 5% CO2 for 12 hours. After that the cells were grown in 5 ml DMEM

supplemented with 5% FBS at 37oC / 5% CO2 for 10 hours. Finally the cells were

incubated in 5 ml 2mM thymidine in DMEM supplemented with 0.1% FBS at 37oC /

5% CO2 for 12 hours.

Method 4 (54)

        Approximately 7x105 Vero cells were seeded and grown in 5 ml DMEM

supplemented with 5% FBS in a 5-cm diameter plate at 37oC / 5% CO2 for 1 day. The

cells were then incubated in 5 ml 2mM thymidine in DMEM supplemented with 0.1%

FBS at 37oC / 5% CO2 for 12 hours. After that the cells were grown in 5 ml DMEM

supplemented with 5% FBS at 37oC / 5% CO2 for 16 hours. Finally the cells were

incubated in 5 ml 2mM thymidine in DMEM supplemented with 0.1% FBS at 37oC /

5% CO2 for 12 hours.

15. Flow cytometry analysis of HepG2 cells and Vero cells
        Approximately 1x106 HepG2 cells and Vero cells, which were synchronized into

each phase of the cell cycle by each method as described above, were detached from

the plate by trypsinization, washed twice with PBS. The cells were resuspended in 100

µl PBS and transferred to a polystyrene tube. After that 125 µl solution A in Cycle test

plus DNA reagent kit (Becton Dickinson), which contains trypsin, was added and

mixed gently by tapping the tube by hand for 10 minutes at room temperature. Then

100 µl solution B, which contains trypsin inhibitor and ribonuclease A, was added and

mixed gently like solution A for 10 minutes at room temperature. Finally, 100 µl

solution C, which contains propidium iodide, was added and gently mixed as above

for 10 minutes in the dark on ice. The sample was analyzed on the flow cytometer

within 3 hours after addition of solution C.
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16. Viral infection of synchronized HepG2 cells
        Firstly, 7x105 HepG2 cells were seeded and grown in 5 ml DMEM supplemented

with 10% FBS in a 5-cm diameter plate at 37oC / 10% CO2 for 1 day. After HepG2

cells were synchronized into each phase of the cell cycle by each method as mention

above, the medium was discarded. The cells were incubated with dengue virus

serotype 2 or 3 at moi 1 in 1 ml BA-1 diluent buffer at 37oC / 10%CO2 for 1 hour. The

infected cells were then washed once with PBS, treated with 1 ml acid glycine pH3 for

1 minute and washed with PBS again. 5 ml DMEM supplemented with 10% FBS was

added and the infected cells were incubated at 37oC / 10% CO2. Finally the medium

containing infectious viruses was collected at 19 hours to 22 hours and was titered by

plaque assay. The result comes from duplicate experiments and duplicate count by

plaque assay.

17. Viral infection of synchronized Vero cells
        Firstly, 7x105 Vero cells were seeded and grown in 5 ml DMEM supplemented

with 5% FBS in a 5-cm diameter plate at 37oC / 5% CO2 for 1 day. After Vero cells

were synchronized into each phase of the cell cycle by each method as mention above,

the medium was discarded. The cells were incubated with dengue virus serotype 2 or 3

at moi 1 in 1 ml BA-1 diluent buffer at 37oC / 5%CO2 for 1 hour. The infected cells

were then washed once with PBS, treated with 1 ml acid glycine pH3 for 1 minute and

washed with PBS again. 5 ml DMEM supplemented with 5% FBS was added and the

infected cells were incubated at 37oC / 5% CO2. Finally the medium containing

infectious viruses was collected at 16 hours to 20 hours and was titered by plaque

assay. The result comes from duplicate experiments and duplicate count by plaque

assay.

18. Plaque assay
        Virus samples were diluted ten fold serially in BA-1 diluent buffer. Then,

confluent Vero cells in 6 well plates were infected with serially diluted virus at 37oC /

5%CO2 for 1.5 hours. During the adsorption period, the first overlay solution was

prepared. The 2X nutrient solution was incubated at 42oC until used. Autoclaved 1.6%
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(w/v) Seakem LE agarose (FMC) in water was melted. After 1.5 hours, the first

overlay mixture solution was gently added on the infected cells and allowed to stand

for 30 minutes. The plates were incubated upside down at 37oC / 5%CO2. On the eight

day, 3.7% formaldehyde in PBS was added to fix the cells for at least 1 hour. After

that, the fixed cells were stained with crystal violet solution. The number of plaques

were counted and calculated in plaque forming unit per virus sample 1 ml (pfu/ml).

Titer (pfu/ml) = number of plaques x sDF x iDF

sDF = serial dilution factor (e.g. 104) of the well

iDF = injection dilution factor e.g. if the injection volume is 0.25 ml; the iDF = 1

ml / 0.25 ml = 4

19. Percent infectivity of synchronized HepG2 cells
        The unsynchronized and synchronized HepG2 cells, which were synchronized

into each phase of the cell cycle by each method as mention above, were incubated

with dengue virus serotype 2 or 3 in 1ml BA-1 diluent buffer  at 37oC / 10%CO2 for 1

hour. The infected cells were then washed once with PBS, treated with 1 ml acid

glycine pH3 for 1 minute and washed with PBS again. 10 ml DMEM supplemented

with 10% FBS was added and infected cells were incubated at 37oC / 10%CO2. The

infected HepG2 cells were incubated for 16 hours. After that the infected cells were

trypsinized, counted and centrifuged at 1,200 rpm to spin the cells down. Then the

infected cells were resuspended in DMEM supplemented with 10% FBS and ten fold

serially diluted. The confluent Vero cells in 6 well plates were added with serially

diluted infected cells at 37oC / 5%CO2 for 1 hour. The first overlay mixture solution

was gently added as same as the plaque assay method.

% Infectivity =       number of plaques X 100

                                     number of cells in that well

20. Percent infectivity of synchronized Vero cells
        The unsynchronized and synchronized Vero cells, which were synchronized into

each phase of the cell cycle by each method as mention above, were incubated with

dengue virus serotype 2 or 3 in 1ml BA-1 diluent buffer  at 37oC / 5%CO2 for 1 hour.
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The infected cells were then washed once with PBS, treated with 1 ml acid glycine

pH3 for 1 minute and washed with PBS again. 10 ml DMEM supplemented with 5%

FBS was added and infected cells were incubated at 37oC / 5%CO2. The infected Vero

cells were incubated for 2 hours. After that the infected cells were trypsinized, counted

and centrifuged at 1,200 rpm to spin the cells down. Then the infected cells were

resuspended in DMEM supplemented with 5% FBS and ten fold serially diluted. The

confluent Vero cells in 6 well plates were added with serially diluted infected cells at

37oC / 5%CO2 for 1 hour. The first overlay mixture solution was gently added as same

as the plaque assay method. The way to calculate the percent infectivity is given in

section 19.

21. Electrophoresis of membrane proteins of HepG2 cells
21.1 Membrane protein extraction

        HepG2 cells were scraped from the plate into TBS buffer and centrifuged at 310g

at room temperature for 5 minutes. After this step, the cells were always kept on ice.

The supernatant was discarded and the pellet was resuspended in lysis buffer (100 mM

NaCl, 20 mM Tris (pH8), 2 mM Mg Cl2, 1 mM EDTA, 0.2% TritonX-100) by

vortexing. Then the solution was centrifuged at 610g at room temperature for 5

minutes and the supernatant was taken to centrifuge at 6,000g at room temperature for

5 minutes. After that the supernatant was taken to centrifuged at 20,800g at room

temperature for 5 minutes. The pellet, which is the membrane protein, was

resuspended in lysis buffer and kept at -80°C.

21.2 SDS Polyacrylamide gel electrophoresis (SDS-PAGE)

        Electrophoresis of proteins was performed according to the protocols of

Sambrook (55). SDS polycrylamide gels consist of a resolving or separating gel and a

stacking gel (Table 2). The sample was electrophoresed in Tris-glycine buffer (25 mM

Tris-HCl (pH 8.3), 192 mM glycine, 0.1% SDS) at constant voltage of 100 V at room

temperature. After electrophoresis, the protein bands on the gel were visualized by

soaking in staining solution containing 50% ethanol, 7% glacial acetic acid and 0.1%

Coomassie Brilliant Blue R-250 in water for 2 hours. Background was removed by

soaking the gel in destaining solution (25% ethanol and 12.5% glacial acetic acid)

overnight.
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30% acrylamide mix (29%

(w/v) acrylamide, 1% (w/v)

N , N ’ - m e t h y l e n e - b i s -

acrylamide)

1.5M Tris-HCl (pH 8.8)

1.0M Tris-HCl (pH 6.8)

10% SDS

H2O

10% ammonium persulfate

TEMED

5.3

5

-

0.2

9.3

0.2

0.012

1

-

0.75

0.060

4.1

0.060

0.010

Table 2. Solutions for preparing SDS-polyacrylamide gel electrophoresis (55)

        Component                                 8% Resolving gel                   5& Stacking gel

                                                                      20 ml                                       5 ml
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21.3 Electrotransfer of membrane proteins from SDS-PAGE to nitrocellulose

membrane

        After protein samples were separated, the SDS-PAGE gel was soaked in transfer

buffer (15.6 mM Tris Base, 120 mM glycine) for 15 minutes. The nitrocellulose

membrane and six pieces of filter paper were cut into same size as that of the gel and

soaked in transfer buffer for 15 minutes. Wet-blot Electrophoresis Transfer cell (Bio-

Rad) was used to electrophoretically transfer the protein samples from SDS gels to

nitrocellulose membranes. A pre-soaked fiber pad was placed on to the side of the

cassetes, followed by three pieces of filter papers, SDS gel, nitrocellulose membrane,

three additional pieces of filter papers and finally a second fiber pad. This entire

cassette was added into the electrophoretic tank. Precooled transfer buffer was added.

The electroblotting was carried out at constant voltage of 30 V at 4oC overnight.

21.4 Detection of GRP78

        After the electrotransfer process was completed, the membrane was soaked in

blocking solution (5% skim milk in TBS (20 mM Tris-HCl (pH7.5), 140 mM NaCl)),

which enough to cover it, for 1 hour at room temperature. The membrane was

incubated for 2 hours at room temperature in the blocking solution containing a 1/500

dilution of rabbit serum anti-GRP78 antibody (Santa Cruz Biotechnology, Inc.). The

excess primary antibody was removed by washing the membranes 3 times with TBS

buffer at room temperature. A 1/2000 dilution of goat anti-rabbit IgG conjugated with

horseradish peroxidase (Santa Cruz Biotechnology, Inc.) was added and incubated at

room temperature for 1 hour. After washing 3 times with TBS buffer, the membrane

was developed by ECL Plus detection kit (Amersham). The amount of antibody and

ECL Plus detection kit used depended upon the size of the membrane.

22. Data analysis
        All of the dengue virus infection data were analyzed by using the GraphPad

Prism Program (GraphPad Solfware Inc, San Diego, USA). For the percent infectivity

result, the data sets were compared for significantly different in order to determine that

whether the percent infectivity is different among each phase of the cell cycle. The
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student t-test was used to compare between the two data sets, For more than two data

sets, the ANOVA test was used. The significant difference was judged at the P < 0.05.
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CHAPTER IV

RESULTS

1. Viral production of dengue virus in Vero cells
        Vero cells were infected with dengue virus at multiplicity of infection (moi) of 1

pfu/ml and incubated for 1.5 hours. The medium containing virus was collected every

hour for 24 hour. Titer of infectious virus was determined by plaque assay on Vero

cells. Figure 6 shows the first time that virus produce from Vero cells. DEN-1, DEN-2,

DEN-3 and DEN-4 are produced from Vero cells at 12 hours, 14 hours, 13 hours and 9

hours respectively. The result of viral production on HepG2 cells was also shown in

figure 7 (Thepparit C., Personal Communication). DEN-1, DEN-2, DEN-3 and DEN-4

produce from HepG2 cells first time at 18 hours, 17 hours, 17 hours and 12 hours

respectively.    

2. Unsynchronized HepG2 and Vero cells
        HepG2 and Vero cells were detached from the plate by trypsinization, washed

twice in PBS. The cells were resuspended in 100 µl PBS and transferred to the

polystylene tube. After that the cells were stained with propidium iodide by using

Cycle test plus DNA reagent kit and analyzed by flow cytometer. Figure 8 and figure 9

show the result from flow cytometry of the unsynchronized HepG2 and Vero cells

respectively.

3. Synchronization of HepG2 cells
3.1 Synchronization of HepG2 cells into G0 phase

        To synchronize HepG2 cells in to the G0 phase, initially, a serum starvation

method (50) was utilized. HepG2 cells were incubated for 36 hours in DMEM

supplemented with 0.1% FBS at 37oC / 10% CO2. The result (figure 10) shows that the

cells were not synchronized into G0 phase. Then the time that used to incubate HepG2

cells in DMEM supplemented with 0.1% FBS at 37oC / 10% CO2 was extended to 48
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Figure 6. 
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Figure 8. F
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Figure 9. F
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Figure 10. Flow cytometry of HepG2 cells, which were synchronized with DMEM

supplemented with 0.1 % FBS for 36 hours

        After HepG2 cells were incubated in DMEM supplemented with 0.1% FBS for

36 hours, the cells were trypsinized and washed twice with PBS. Then the cells were

stained with propidium iodide by using Cycle test plus DNA reagent kit and analyzed

by flow cytometer. The population of HepG2 cells in G0/G1 phase, S phase and G2/M

phase is about 28.52%, 12.46% and 49.02% respectively.
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hours. However the result (figure 11) shows that the cells were not synchronized into

G0 phase.The time that used to incubate HepG2 cells in DMEM supplemented with

0.1% FBS at 37oC / 10% CO2 was increase to 3 days. But the result (figure 12)

demonstrates that HepG2 cells were not synchronized into G0 phase. After that HepG2

cells were changed to incubated in DMEM without FBS at 37oC / 10% CO2 for 36

hours. The result (figure 13) shows that HepG2 cells were not synchronized into G0

phase. Then the time that used to incubate HepG2 cells in DMEM without FBS at

37oC / 10% CO2 was extended to 48 hours. But the result (figure 14) shows that

HepG2 cells were not synchronized into G0 phase. Moreover HepG2 cells were

incubated in DMEM low glucose without FBS at 37oC / 10% CO2 for 36 hours. The

result (figure 15) indicates that HepG2 cells were not synchronized into G0 phase.

Then the time that used to incubated HepG2 cells in DMEM low glucose without FBS

at 37oC / 10% CO2 was increased to 48 hours. However the result (figure 16)

demonstrates that HepG2 cells were not synchronized into G0 phase.

3.2 Synchronization of HepG2 cells into G2 phase

        HepG2 cells were incubated in MEM without FBS at 37oC / 10% CO2 for 36

hours. The result (figure 17) shows that HepG2 cells were synchronized into G2 phase.

3.3 Synchronization of HepG2 cells into M phase

        HepG2 cells were incubated in 0.1 µM paclitaxel in DMEM supplemented with

10% FBS 5 ml at 37oC / 10% CO2 for 24 hours. The result (figure 18) indicates that

HepG2 cells were synchronized into M phase.

3.4 The characteristic of HepG2 cells in G2 phase and M phase

        After HepG2 cells were synchronized into G2 phase and M phase, the cells were

taken photograph under the microscope. Figure 19 shows the difference of

characteristic of HepG2 cells in G2 phase and M phase.

3.5 Synchronization of HepG2 cells into G1 phase

        HepG2 cells were incubated in 0.1% DMSO in DMEM supplemented with 10%

FBS 5 ml at 37oC / 10% CO2 for 96 hours. The result (figure 20) demonstrates that

HepG2 cells were not synchronized into G1 phase. Then the amount of DMSO was

increase to 0.2% DMSO in DMEM supplemented with 10 % FBS but the result (figure

21) also shows that HepG2 cells were not synchronized into G1 phase by this method.
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Figure 12. 
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Figure 14. Flow cytometry of HepG2 cells, which were synchronized with DMEM

without FBS for 48 hours.

        After HepG2 cells were incubated in DMEM without FBS for 48 hours, the cells

were trypsinized and washed twice with PBS. Then the cells were stained with

propidium iodide by using Cycle test plus DNA reagent kit and analyzed by flow

cytometer. The population of HepG2 cells in G0/G1 phase, S phase and G2/M phase is

about 13.88%, 3.91% and 81.47% respectively.
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Figure 15. 
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 without FBS for 36 hours
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 propidium iodide by using Cycle test plus DNA reagent kit and analyzed

ometer. The population of HepG2 cells in G0/G1 phase, S phase and G2/M

ut 9.17%, 7.56% and 82.52% respectively.
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Figure 16. 
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Flow cytometry of HepG2 cells, which were synchronized with DMEM

 without FBS for 48 hours

epG2 cells were incubated in DMEM low glucose without FBS for 48
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 propidium iodide by using Cycle test plus DNA reagent kit and analyzed

ometer.The population of HepG2 cells in G0/G1 phase, S phase and G2/M

ut 11.34%, 4.70% and 83.34% respectively.
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Figure 19. The characteristic of HepG2 cells in G2 phase (a) and M phase (b)

        The shape of HepG2 cells in M phase is different from G2 phase. HepG2 cells in

M phase are round whereas HepG2 cells in G2 phase are not. The magnification is

400x.

a b
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Figure 21. Flow cytometry of HepG2 cells, which were synchronized with 0.2%

DMSO in DMEM supplemented with 10% FBS for 96 hours

        After HepG2 cells were incubated in 0.2% DMSO in DMEM supplemented with

10% FBS for 96 hours, the cells were trypsinized and washed twice with PBS. Then

the cells were stained with propidium iodide by using Cycle test plus DNA reagent kit

and analyzed by flow cytometer. The population of HepG2 cells in G0/G1 phase, S

phase and G2/M phase is about 28.53%, 5.22% and 66.37% respectively.
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3.6 Synchronization of HepG2 cells into S phase

        HepG2 cells were incubated in DMEM supplemented with 10% FBS, which

contained 5 µg/ml of aphidicolin at 37oC / 10% CO2 for 24 hours. The result (figure

22) shows that HepG2 cells were not synchronized into S phase. Then the time that

HepG2 cells used to incubate in DMEM supplemented with 10% FBS, which contains

5 µg/ml of aphidicolin at 37oC / 10% CO2 was extended to 48 hours. However the

result (figure 23) indicates that HepG2 cells were not synchronized into S phase by

this method. Then thymidine double block method (53) was utilized. HepG2 cells

were incubated in 2mM thymidine in DMEM supplemented with 0.1% FBS at 37oC /

10% CO2 for 12 hours. After that the cells were changed to incubate in DMEM

supplemented with 10% FBS at 37oC / 10% CO2 for 10 hours. Finally, the cells were

incubated in 2mM thymidine in DMEM supplemented with 0.1% FBS at 37oC / 10%

CO2 for 12 hours. The result (figure 24) indicates that HepG2 cells were not

synchronized into S phase. Then the time that HepG2 cells used to incubate in DMEM

supplemented with 10% FBS at 37oC / 10% CO2 was changed from 10 hours to 16

hours. But the time that HepG2 cells used to incubate in 2mM thymidine in DMEM

supplemented with 0.1% FBS at 37oC / 10% CO2 was not changed. The result (figure

25) shows that HepG2 cells were synchronized into S phase by this method.
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Figure 22. Flow cytometry of HepG2 cells, which were synchronized with 5 µg/ml

of aphidicolin in DMEM supplemented with 10% FBS for 24 hours

        After HepG2 cells were incubated in 5 µg/ml of aphidicolin in DMEM

supplemented with 10% FBS for 24 hours, the cells were trypsinized and washed twice

with PBS. Then the cells were stained with propidium iodide by using Cycle test plus

DNA reagent kit and analyzed by flow cytometer. The population of HepG2 cells in

G0/G1 phase, S phase and G2/M phase is about 35.48%, 13.95% and 50.74%

respectively.
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Figure 23. Flow cytometry of HepG2 cells, which were synchronized with 5 µg/ml

of aphidicolin in DMEM supplemented with 10% FBS for 48 hours

        After HepG2 cells were incubated in 5 µg/ml of aphidicolin in DMEM

supplemented with 10% FBS for 48 hours, the cells were trypsinized and washed

twice with PBS. Then the cells were stained with propidium iodide by using Cycle test

plus DNA reagent kit and analyzed by flow cytometer. The population of HepG2 cells

in G0/G1 phase, S phase and G2/M phase is about 28.23%, 20.79% and 51.18%

respectively.
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Figure 24. Flow cytometry of HepG2 cells, which were synchronized with

thymidine double block method.

        HepG2 cells were incubated in 2 mM thymidine in DMEM supplemented with

0.1%FBS for 12 hours. Then the cells were grown in DMEM supplemented with

10%FBS for 10 hours and incubated in 2mM thymidine in DMEM supplemented with

0.1%FBS for 12 hours again. After that the cells were trypsinized and washed twice

with PBS. Then the cells were stained with propidium iodide by using Cycle test plus

DNA reagent kit and analyzed by flow cytometer. The flow cytometry result shows

that the population of HepG2 cells in G0/G1 phase, S phase and G2/M phase is about

21.36%, 62.21% and 16.99% respectively.
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4. Synchronization of Vero cells
4.1 Synchronization of Vero cells into G0 phase by serum starvation method

        To synchronize Vero cells in to G0 phase, initially, a serum starvation method

(50) was utilized. Vero cells were incubated for 36 hours in DMEM supplemented

with 0.1% FBS at 37oC / 5% CO2. The result (figure 26) shows that the cells were not

synchronized into G0 phase. After that Vero cells were changed to incubated in

DMEM without FBS at 37oC / 5% CO2 for 36 hours. The result (figure 27) shows that

Vero cells were not synchronized into G0 phase. Then the time that used to incubate

Vero cells in DMEM without FBS at 37oC / 5% CO2 was extended to 48 hours. But

the result (figure 28) shows that Vero cells were not synchronized into G0 phase.

Moreover Vero cells were incubated in DMEM low glucose without FBS at 37oC / 5%

CO2 for 36 hours. The result (figure 29) indicates that Vero cells were not

synchronized into G0 phase. Then the time that used to incubated Vero cells in DMEM

low glucose without FBS at 37oC / 5% CO2 was increased to 48 hours. However the

result (figure 30) demonstrates that Vero cells were not synchronized into G0 phase.

Finally, Vero cells were changed to incubate in MEM without FBS at 37oC / 5% CO2

for 36 hours. The result (figure 31) shows that Vero cells were synchronized into G0

phase.

4.2 Synchronization of Vero cells into M phase

        Vero cells were incubated in 0.1 µM paclitaxel in DMEM supplemented with 5%

FBS 5 ml at 37oC / 5% CO2 for 24 hours. The result (figure 32) indicates that Vero

cells were synchronized into M phase.

4.3 Synchronization of Vero cells into G1 phase

        Vero cells were incubated in 0.1% DMSO in DMEM supplemented with 5% FBS

5 ml at 37oC / 5% CO2 for 96 hours. The result (figure 33) demonstrates that Vero

cells were not synchronized into G1 phase. Then the amount of DMSO was increase to

0.2% DMSO in DMEM supplemented with 5 % FBS. But the result (figure 34) also

shows that Vero cells were not synchronized into G1 phase by this method.
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Figure 27. Flow cytometry of Vero cells, which were synchronized with DMEM

without FBS for 36 hours.

        After Vero cells were incubated in DMEM without FBS for 36 hours, the cells

were trypsinized and washed twice with PBS. Then the cells were stained with

propidium iodide by using Cycle test plus DNA reagent kit and analyzed by flow

cytometer. The population of Vero cells in G0/G1 phase, S phase and G2/M

phase is about 21.12%, 10.63% and 68.52% respectively.
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Figure 29. Flow cytometry of Vero cells, which were synchronized with DMEM

low glucose without FBS for 36 hours.

        After Vero cells were incubated in DMEM low glucose without FBS for 36

hours, the cells were trypsinized and washed twice with PBS. Then the cells were

stained with propidium iodide by using Cycle test plus DNA reagent kit and analyzed

by flow cytometer. The population of Vero cells in G0/G1 phase, S phase and G2/M

phase is about 13.63%, 10.05% and 76.75% respectively.
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Figure 30. Flow cytometry of Vero cells, which were synchronized with DMEM

low glucose without FBS for 48 hours.

        After Vero cells were incubated in DMEM low glucose without FBS for 48

hours, the cells were trypsinized and washed twice with PBS. Then the cells were

stained with propidium iodide by using Cycle test plus DNA reagent kit and analyzed

by flow cytometer. The population of Vero cells in G0/G1 phase, S phase and G2/M

phase is about 13.03%, 9.11% and 76.26% respectively.
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Figure 32. Flow cytometry of Vero cells, which were synchronized with 0.1µM

of paclitaxel in DMEM supplemented with 5% FBS for 24 hours.

        After Vero cells were incubated in 0.1µM of paclitaxel in DMEM supplemented

with 5% FBS for 24 hours, the cells were trypsinized and washed twice with PBS.

Then the cells were stained with propidium iodide by using Cycle test plus DNA

reagent kit and analyzed by flow cytometer. The population of Vero cells in G0/G1

phase, S phase and G2/M phase is about 21.12%, 10.63% and 68.52% respectively.
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Figure 33. Flow cytometry of Vero cells, which were synchronized with

0.1%DMSO in DMEM supplemented 5% FBS for 96 hours.

        After Vero cells were incubated in 0.1% DMSO in DMEM supplemented with

5% FBS for 96 hours, the cells were trypsinized and washed twice with PBS. Then the

cells were stained with propidium iodide by using Cycle test plus DNA reagent kit and

analyzed by flow cytometer. The population of Vero cells in G0/G1 phase, S phase and

G2/M phase is about 17.07%, 7.14% and 76.07% respectively.
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Figure 34. Flow cytometry of Vero cells, which were synchronized with

0.2%DMSO in DMEM for 96 hours.

        After Vero cells were incubated in 0.2% DMSO in DMEM supplemented with

5% FBS for 96 hours, the cells were trypsinized and washed twice with PBS. Then the

cells were stained with propidium iodide by using Cycle test plus DNA reagent kit and

analyzed by flow cytometer. The population of Vero cells in G0/G1 phase, S phase and

G2/M phase is about 13.13%, 10.19% and 76.36% respectively.
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4.4 Synchronization of Vero cells into S phase

        Vero cells were incubated in DMEM supplemented with 5% FBS, which contains

5 µg/ml of aphidicolin at 37oC / 5% CO2 for 24 hours. The result (figure 35) shows

that Vero cells were not synchronized into S phase. Then the time that Vero cells used

to incubate in DMEM supplemented with 5% FBS, which contains 5 µg/ml of

aphidicolin at 37oC / 5% CO2 was extended to 48 hours. However the result (figure

36) indicates that Vero cells were not synchronized into S phase by this method. Then

thymidine double block method (53) was utilized. Vero cells were incubated in 2mM

thymidine in DMEM supplemented with 0.1% FBS at 37oC / 5% CO2 for 12 hours.

After that the cells were changed to incubate in DMEM supplemented with 5% FBS at

37oC / 5% CO2 for 10 hours. Finally, the cells were incubated in 2mM thymidine in

DMEM supplemented with 0.1% FBS at 37oC / 5% CO2 for 12 hours. The result

(figure 37) indicates that Vero cells were not synchronized into S phase. Then the time

that Vero cells used to incubate in DMEM supplemented with 5% FBS at 37oC / 5%

CO2 was changed from 10 hours to 16 hours. But the time that Vero cells used to

incubate in 2mM thymidine in DMEM supplemented with 0.1% FBS at 37oC / 5%

CO2 was not changed. The result (figure 38) shows that Vero cells were synchronized

into S phase by this method.



Fac. of Grad. Studies, Mahidol Univ.                                            M.Sc. (Mol. Genet. Genet. Eng.) / 67

Figure 35. Flow cytometry of Vero cells, which were synchronized with 5 µg/ml of

aphidicolin in DMEM supplemented with 5%FBS for 24 hours.

        After Vero cells were incubated in 5 µg/ml of aphidicolin in DMEM

supplemented with 5%FBS for 24 hours, the cells were trypsinized and washed twice

with PBS. Then the cells were stained with propidium iodide by using Cycle test plus

DNA reagent kit and analyzed by flow cytometer.The population of Vero cells in

G0/G1 phase, S phase and G2/M phase is about 17.31%, 16.52% and 66.03%

respectively.
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Figure 37. Flow cytometry of Vero cells, which were synchronized with thymidine

double block method

        Vero cells were incubated in 2 mM thymidine in DMEM supplemented with

0.1%FBS for 12 hours. Then the cells were grown in DMEM supplemented with

5%FBS for 10 hours and incubated in 2mM thymidine in DMEM supplemented with

0.1%FBS for 12 hours again. After that the cells were trypsinized and washed twice

with PBS. Then the cells were stained with propidium iodide by using Cycle test plus

DNA reagent kit and analyzed by flow cytometer. The flow cytometry result shows

that the population of Vero cells in G0/G1 phase, S phase and G2/M phase is about

27.12%, 38.86% and 34.85% respectively.
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Figure 38. Flow cytometry of Vero cells, which were synchronized with thymidine

double block method

        Vero cells were incubated in 2 mM thymidine in DMEM supplemented with

0.1%FBS for 12 hours. Then the cells were grown in DMEM supplemented with

5%FBS for 16 hours and incubated in 2mM thymidine in DMEM supplemented with

0.1%FBS for 12 hours again. After that the cells were trypsinized and washed twice

with PBS. Then the cells were stained with propidium iodide by using Cycle test plus

DNA reagent kit and analyzed by flow cytometer. The flow cytometry result shows

that the population of Vero cells in G0/G1 phase, S phase and G2/M phase is about

41.84%, 39.01% and 20.15% respectively.
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5. Infection of synchronized HepG2 cells
HepG2 cells were synchronized into each phase of the cell cycle by using several

methods. (Table 3)

Table 3. Summary of the method to synchronize HepG2 cells

Cell cycle phase Method

G2 Incubation in MEM with no FBS for 36 hours

M Incubation in 0.1 µM paclitaxel in DMEM supplemented with 10%

FBS for 24 hours

S Thymidine double block method by incubating in 2 mM thymidine in

DMEM supplemented with 0.1% FBS for 12 hours and incubating in

DMEM supplemented with 10% FBS for 16 hours. Finally, the cells

were incubated in 2 mM thymidine in DMEM supplemented with

0.1% FBS for 12 hours
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5.1 Comparison of dengue serotype 2 production between unsynchronized

HepG2 cells and HepG2 cells in G2 phase

        After HepG2 cells were synchronized into G2 phase by serum starvation method,

as described in table 3, the cells were infected with dengue serotype 2 at moi 1 and

incubated at 37oC / 10% CO2 for 1 hour. The medium containing virus was collected

at 19 hours to 22 hours. Then the sample was titered by the plaque assay method.

Figure 39 shows the result of comparison of dengue serotype 2 production between

unsynchronized HepG2 cells and HepG2 cells in G2 phase. Figure 39a shows little

difference of viral production from unsynchronized HepG2 cells and HepG2 cells in

G2 phase in term of titer of the infectious virus. From this result, dengue serotype 2 is

produced from HepG2 cells in G2 phase more than from unsynchronized HepG2 cells.

But the amount of cells when the cells were infected is not equal between the cells in

G2 phase and unsynchronized cells. The amount of the unsynchronized cells is more

than the amount of the cells in G2 phase because the cells that grow in MEM, which

has the nutrient less than in DMEM and has no FBS, grow slower. Then the results

were calculated in term of the titer of infectious virus per cells. Figure 39b shows the

difference of viral production from unsynchronized HepG2 cells and HepG2 cells in

G2 phase in term of titer of the infectious virus per cell. From this picture, the viral

production from HepG2 cells in G2 phase is more than from unsynchronized HepG2

cells about 2.3 fold at 22 hours.

5.2 Comparison of dengue serotype 2 production between unsynchronized

HepG2 cells and HepG2 cells in M phase

        After HepG2 cells were synchronized into M phase by incubating in paclitaxel, as

described in table 3, the cells were infected with dengue serotype 2 at moi 1 and

incubated at 37oC / 10% CO2 for 1 hour. The medium containing virus was collected

at 19 hours to 22 hours. Then the sample was titered by the plaque assay method.

Figure 40 shows the result of comparison of dengue serotype 2 production between

unsynchronized



Fac. of Grad. Studies, Mahidol Univ.                                            M.Sc. (Mol. Genet. Genet. Eng.) / 73

Figure 39. Comparison of dengue serotype 2 production between unsynchronized

HepG2 cells and HepG2 cells in G2 phase

Dengue serotype 2 is produced from HepG2 cells in G2 phase more than from

unsynchronized HepG2 cells. Figure 39a shows the difference of viral production from

HepG2 cells in G2 phase and unsynchronized HepG2 cells in term of the titer of

infectious virus whereas figure 39b shows in term of the titer per cell.
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Figure 40. Comparison of dengue serotype 2 production between unsynchronized

HepG2 cells and HepG2 cells in M phase

Dengue serotype 2 is produced from HepG2 cells in M phase less than from

unsynchronized HepG2 cells. Figure 40a shows the difference of viral production from

HepG2 cells in M phase and unsynchronized HepG2 cells in term of the titer of

infectious virus whereas figure 40 shows in term of the titer per cell.
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Figure 41. Comparison of dengue serotype 2 production between unsynchronized

HepG2 cells and HepG2 cells in S phase

        Dengue serotype 2 is produced from HepG2 cells in S phase less than from

unsynchronized HepG2 cells. Figure 41a shows the difference of viral production from

HepG2 cells in S phase and unsynchronized HepG2 cells in term of the titer of

infectious virus whereas figure 41b shows in term of the titer per cell.
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Figure 42. Comparison of dengue serotype 3 production between unsynchronized

HepG2 cells and HepG2 cells in G2 phase

Dengue serotype 3 is produced from HepG2 cells in G2 phase more than from

unsynchronized HepG2 cells. Figure 42a shows the difference of viral production from

HepG2 cells in G2 phase and unsynchronized HepG2 cells in term of the titer of

infectious virus whereas figure 42b shows in term of the titer per cell.
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Figure 43. Comparison of dengue serotype 3 production between unsynchronized

HepG2 cells and HepG2 cells in M phase

Dengue serotype 3 is produced from HepG2 cells in M phase and unsynchronized

HepG2 cells equally. Figure 43a shows the difference of viral production from HepG2

cells in M phase and unsynchronized HepG2 cells in term of the titer of infectious

virus whereas figure 43b shows in term of the titer per cell.
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Figure 44. Comparison of dengue serotype 3 production between unsynchronized

HepG2 cells and HepG2 cells in S phase

Dengue serotype 3 is produced from HepG2 cells in S phase and unsynchronized

HepG2 cells equally. Figure 44a shows the difference of viral production from HepG2

cells in S phase and unsynchronized HepG2 cells in term of the titer of infectious virus

whereas figure 44b shows in term of the titer per cell.
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5.7 Summary of the infection of synchronized HepG2 cells

        The infection of HepG2 cells in each phase of the cell cycle is summarized in

Table 4.

Table 4. Summary of the infection of HepG cells in each phase of the cell cycle

Phase of the cell cycle    dengue serotype 2    dengue serotype 3

G2

M

S
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6. Infection of synchronized Vero cells
        Vero cells were synchronized into each phase of the cell cycle by using several

methods. (Table 5)

Table 5. Summary of the method to synchronize Vero cells

Cell cycle phase Method

G0 Incubation in MEM with no FBS for 36 hours

M Incubation in 0.1 µM paclitaxel in DMEM supplemented with 5%

FBS for 24 hours

S Thymidine double block method by incubating in 2 mM thymidine in

DMEM supplemented with 0.1% FBS for 12 hours and incubating in

DMEM supplemented with 5% FBS for 16 hours. Finally, the cells

were incubated in 2 mM thymidine in DMEM supplemented with

0.1% FBS for 12 hours
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6.1 Comparison of dengue serotype 2 production between unsynchronized

Vero cells and Vero cells in G0 phase

        After Vero cells were synchronized into G0 phase by serum starvation method, as

described in table 4, the cells were infected with dengue serotype 2 at moi 1 and

incubated at 37oC / 5% CO2 for 1 hour. The medium containing virus was collected at

16 hours to 19 hours. Then the sample was titered by the plaque assay method. Figure

45 shows the result of comparison of dengue serotype 2 production between

unsynchronized Vero cells and Vero cells in G0 phase. Figure 45a shows a difference

between viral production from unsynchronized Vero cells and Vero cells in G0 phase

in term of titer of the infectious virus but figure 45b shows in term of titer of the

infectious virus per cell. From figure 45a, the viral production from unsynchronized

Vero cells is higher than from Vero cells in G0 phase but in term of titer of the

infectious virus per cell (figure 45b), the viral production from unsynchronized Vero

cells is not highly different from Vero cells in G0 phase. Especially at 18 hours, it’s

quite same between viral production from Vero cells in G0 phase and unsynchronized

Vero cells. This result indicates that dengue serotype 2 production from Vero cells in

G0 phase is about 0.7 fold of dengue serotype 2 production from unsynchronized Vero

cells at 19 hours.

6.2 Comparison of dengue serotype 2 production between unsynchronized

Vero cells and Vero cells in M phase

        After Vero cells were synchronized into M phase by incubating in paclitaxel, as

described in table 4, the cells were infected with dengue serotype 2 at moi 1 and

incubated at 37oC / 5% CO2 for 1 hour. The medium containing virus was collected at

17 hours to 20 hours. Then the sample was titered by plaque assay method. Figure 46

shows the result of comparison of dengue serotype 2 production between

unsynchronized Vero cells and Vero cells in M phase. Figure 46a shows a difference

of viral production from unsynchronized Vero cells and Vero cells in M phase in term

of titer of the infectious virus but figure 46b shows in term of titer of the infectious

virus per cell. From figure 46a, the viral production from unsynchronized Vero cell is

slightly higher than from Vero
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Figure 45. Comparison of dengue serotype 2 production between unsynchronized

Vero cells and Vero cells in G0 phase

Dengue serotype 2 is produced from Vero cells in G0 phase not much less than

from unsynchronized Vero cells. Figure 45a shows the difference of viral production

from Vero cells in G0 phase and unsynchronized Vero cells in term of the titer of

infectious virus whereas figure 45b shows in term of the titer per cell.
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cells in M phase. But when the result was changed to calculate in term of titer of the

infectious virus per cell (figure 46b), there is no difference between the viral

production from Vero cells in M phase and from unsynchronized Vero cells. This

result indicates that dengue serotype 2 production from Vero cells in M phase and

from unsynchronized Vero cells is equal.

6.3 Comparison of dengue serotype 2 production between unsynchronized

Vero cells and Vero cells in S phase

        After Vero cells were synchronized into S phase by using thymidine double block

method, as described in table 4, the cells were infected with dengue serotype 2 at moi

1 and incubated at 37oC / 5% CO2 for 1 hour. The medium containing virus was

collected at 17 hours to 20 hours. Then the sample was titered by the plaque assay

method. Figure 47 shows the result of comparison of dengue serotype 2 production

between unsynchronized Vero cells and Vero cells in S phase. Figure 47a shows a

difference of viral production from unsynchronized Vero cells and Vero cells in S

phase in term of titer of the infectious virus but figure 47b shows in term of titer of the

infectious virus per cell. From these results, there is slightly difference between the

viral production from Vero cells in S phase and unsynchronized Vero cells but the

viral production at other time point is much different. These results show that dengue

serotype 2 production from Vero cells in S phase is lower than from unsynchronized

Vero cells about 1.4 fold at 20 hours.

6.4 Comparison of dengue serotype 3 production between unsynchronized

Vero cells and Vero cells in G0 phase

        After Vero cells were synchronized into G0 phase by serum starvation method, as

described in table 4, the cells were infected with dengue serotype 3 at moi 1 and

incubated at 37oC / 5% CO2 for 1 hour. The medium containing virus was collected at

16 hours to 19 hours. Then the sample was titered by the plaque assay method. Figure

48 shows the result of comparison of dengue serotype 3 production between

unsynchronized Vero cells and Vero cells in G0 phase. Figure 48a shows a difference

of viral production from unsynchronized Vero cells and Vero cells in G0 phase in term

of titer of the infectious virus but figure 48b shows in term of titer of the infectious

virus per cell.
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Figure 47. Comparison of dengue serotype 2 production between unsynchronized

Vero cells and Vero cells in S phase

        Dengue serotype 2 is produced from Vero cells in S phase less than from

unsynchronized Vero cells. Figure 47a shows the difference of viral production from

Vero cells in S phase and unsynchronized Vero cells in term of the titer of infectious

virus whereas figure 47b shows in term of the titer per cell.
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Figure 48. Comparison of dengue serotype 3 production between unsynchronized

Vero cells and Vero cells in G0 phase

Dengue serotype 3 production from Vero cells in G0 phase and unsynchronized

Vero cells is not different. Figure 48a shows the difference of viral production from

Vero cells in G0 phase and unsynchronized Vero cells in term of the titer of infectious

virus whereas figure 48b shows in term of the titer per cell.
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From figure 48a, the viral production from Vero cells in G0 phase is lower than the

viral production from unsynchronized Vero cells. But when the result was calculated

in term of titer of the infectious virus per cell (figure 48b), the viral production from

Vero cells in G0 phase and unsynchronized Vero cells is quite equal. This result

indicates that dengue serotype 3 produces from Vero cells in G0 phase and

unsynchronized Vero cells equally.

6.5 Comparison of dengue serotype 3 production between unsynchronized

Vero cells and Vero cells in M phase

        After Vero cells were synchronized into M phase by incubating in paclitaxel, as

described in table 4, the cells were infected with dengue serotype 3 at moi 1 and

incubated at 37oC / 5% CO2 for 1 hour. The medium containing virus was collected at

16 hours to 19 hours. Then the sample was titered by the plaque assay method. Figure

49 shows the result of comparison of dengue serotype 3 production between

unsynchronized Vero cells and Vero cells in M phase. Figure 49a shows a difference

of viral production from unsynchronized Vero cells and Vero cells in M phase in term

of titer of the infectious virus but figure 49b shows in term of titer of the infectious

virus per cell. From both figure 49a and 49b, the viral production from Vero cells in M

phase and unsynchronized Vero cells is not different. These results demonstrate that

dengue serotype 3 produces equally from Vero cells in M phase and unsynchronized

Vero cells.

6.6 Comparison of dengue serotype 3 production between unsynchronized

Vero cells and Vero cells in S phase

        After Vero cells were synchronized into S phase by using thymidine double block

method, as described in table 4, the cells were infected with dengue serotype 3 at moi

1 and incubated at 37oC / 5% CO2 for 1 hour. The medium containing virus was

collected at 16 hours to 19 hours. Then the sample was titered by the plaque assay

method. Figure 50 shows the result of comparison of dengue serotype 3 production

between unsynchronized Vero cells and Vero cells in S phase. Figure 50a shows a

difference of viral production from unsynchronized Vero cells and Vero cells in S

phase in term of titer of the infectious virus but figure 50b shows in term of titer of the

infectious virus per cell.
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Figure 49. Comparison of dengue serotype 3 production between unsynchronized

Vero cells and Vero cells in M phase

Dengue serotype 3 production from Vero cells in M phase and unsynchronized

Vero cells is not different. Figure 49a shows the difference of viral production from

Vero cells in M phase and unsynchronized Vero cells in term of the titer of infectious

virus whereas figure 49b shows in term of the titer per cell.
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Figure 50. Comparison of dengue serotype 3 production between unsynchronized

Vero cells and Vero cells in S phase

        Dengue serotype 3 produces from Vero cells in S phase less than from

unsynchronized Vero cells. Figure 50a shows the difference of viral production from

Vero cells in S phase and unsynchronized Vero cells in term of the titer of infectious

virus whereas figure 50b shows in term of the titer per cell.
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From both figure 50a and 50b, the viral production from Vero cells in S phase is lower

than the viral production from unsynchronized Vero cells. These results indicate that

dengue serotype 3 produces from Vero cells in S phase lower than from

unsynchronized Vero cells about 2 fold at 19 hours.

6.7 Summary of the infection of synchronized Vero cells

        The infection of Vero cells in each phase of the cell cycle is summarized in

Table 6.

        From the result in section 5 and 6, dengue serotype 2 and 3 produce from HepG2

cells and Vero cells in each phase of the cell cycle differently. There are two possible

ways that cause the difference of the production of dengue serotype 2 and 3 between

synchronized and unsynchronized cells. Firstly, the receptors of dengue virus that

express on the surface of HepG2 cells and Vero cells may express depending on the

cell cycle of the cells. Another possible way is that the environment in the cells may

cause the difference between the infection of synchronized and unsynchronized cells.

The way to answer what is the factor, which cause the difference of dengue production

from the cells among each phase of the cell cycle, is to determine the percent

infectivity of dengue in the cells in each phase.

Phase of the cell cycle    dengue serotype 2    dengue serotype 3

G0

M

S

Table 6. Summary of the infection of Vero cells in each phase of the cell cycle
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Figure 51. Comparison of percent infectivity of dengue serotype 2 in

unsynchronized HepG2 cells and HepG2 cells in G2 phase

        The percent infectivity of dengue serotype 2 in HepG2 cells in G2 phase is 1.16%

whereas percent infectivity of dengue serotype 2 in unsynchronized HepG2 cells is

0.76% and the P value is about 0.0291. Dengue serotype 2 can infect HepG2 cells in

G2 phase higher than unsynchronized HepG2 cells.
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Figure 52. Comparison of percent infectivity of dengue serotype 2 in

unsynchronized HepG2 cells and HepG2 cells in M phase

        The percent infectivity of dengue serotype 2 in HepG2 cells in M phase is 0.43%

whereas percent infectivity of dengue serotype 2 in unsynchronized HepG2 cells is

0.76% and the P value is about 0.1645. Dengue serotype 2 can infect HepG2 cells in

M phase lower than unsynchronized HepG2 cells.
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Figure 53. Comparison of percent infectivity of dengue serotype 2 in

unsynchronized HepG2 cells and HepG2 cells in S phase

        The percent infectivity of dengue serotype 2 in HepG2 cells in S phase is 0.15%

whereas percent infectivity of dengue serotype 2 in unsynchronized HepG2 cells is

0.76% and the P value is about 0.0017. Dengue serotype 2 can infect HepG2 cells in S

phase lower than unsynchronized HepG2 cells.
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Figure 54. Comparison of percent infectivity of dengue serotype 3 in

unsynchronized HepG2 cells and HepG2 cells in G2 phase

        The percent infectivity of dengue serotype 3 in HepG2 cells in G2 phase is 0.66%

whereas percent infectivity of dengue serotype 3 in unsynchronized HepG2 cells is

0.1% and the P value is about 0.0002. Dengue serotype 3 can infect HepG2 cells in G2

phase higher than unsynchronized HepG2 cells.
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Figure 55. Comparison of percent infectivity of dengue serotype 3 in

unsynchronized HepG2 cells and HepG2 cells in M phase

        The percent infectivity of dengue serotype 3 in HepG2 cells in M phase is 0.58%

whereas percent infectivity of dengue serotype 3 in unsynchronized HepG2 cells is

0.1% and the P value is about 0.0323. Dengue serotype 3 can infect HepG2 cells in M

phase higher than unsynchronized HepG2 cells.
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Figure 56. Comparison of percent infectivity of dengue serotype 3 in

unsynchronized HepG2 cells and HepG2 cells in S phase

The percent infectivity of dengue serotype 3 in HepG2 cells in S phase and

unsynchronized HepG2 cells is 0.1% the P value is about 0.8593. Dengue serotype 2

can infect HepG2 cells in S phase and unsynchronized HepG2 cells equally.
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Then the percent infectivity of dengue serotype 2 from unsynchronized HepG2 cells

and HepG2 cells in S phase is not significantly different. From this result, dengue

serotype 2 can infect HepG2 cells in S phase and unsynchronized HepG2 cells

equally.

7.7 Summary of the percent infectivity in HepG2 cells

        The percent infectivity of dengue serotype 2 and 3 in HepG2 cells are

summarized in figure 57 and figure 58 respectively. From figure 57, the percent

infectivity of DEN-2 in HepG2 cells in G2 phase, M phase, S phase and

unsynchronized HepG2 cells is 1.16%, 0.43%, 0.15% and 0.76% respectively and P

value is less than 0.0001. From figure 58, The percent infectivity of DEN-3 in HepG2

cells in G2 phase, M phase, S phase and unsynchronized HepG2 cells is 0.66%, 0.58%,

0.10% and 0.10% respectively and P value is 0.0012. From these two figures, the

percent infectivity of dengue serotype 2 and 3 in HepG2 cells is significantly different

among each phase of the cells cycle.
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Figure 57. The comparison of percent infectivity of HepG2 cells in each phase of

the cell cycle compared with unsynchronized HepG2 cells, which were infected

with dengue serotype 2

        The percent infectivity of dengue serotype 2 in HepG2 cells is significantly

different among each phase of the cell cycle. The percent infectivity in G2 phase is

higher whereas in M phase and S phase is lower than the percent infectivity in

unsynchronized HepG2 cells.
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Figure 58. The comparison of percent infectivity of HepG2 cells in each phase of

the cell cycle compared with unsynchronized HepG2 cells, which were infected

with dengue serotype 3

        The percent infectivity of dengue serotype 3 in HepG2 cells is significantly

different among each phase of the cell cycle. The percent infectivity in G2 phase and

M phase are higher whereas in S phase is lower than the percent infectivity in

unsynchronized HepG2 cells.
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8. Comparison of percent infectivity in Vero cells
8.1 Comparison of percent infectivity of dengue serotype 2 in

unsynchronized Vero cells and Vero cells in G0 phase

        Unsynchronized Vero cells and Vero cells in G0 phase were infected with dengue

virus serotype 2 at 37oC / 5%CO2 for 1 hour. DMEM supplemented with 5% FBS was

added and infected cells were incubated at 37oC / 5%CO2. The infected Vero cells

were incubated for 2 hours. After that the infected cells were trypsinized and diluted in

DMEM supplemented with 5% FBS. The confluent Vero cells in 6 well plates were

added with serially diluted infected cells at 37oC / 5%CO2 for 1 hour. The first overlay

mixture solution was gently added as same as the plaque assay method. The result

(figure 59) shows that percent infectivity of dengue serotype 2 in Vero cells in G0

phase is 12.74% whereas percent infectivity of dengue serotype 2 in unsynchronized

Vero cells is 24.2% and the P value is about 0.0704. Then the percent infectivity of

dengue serotype 2 from unsynchronized Vero cells and Vero cells in G0 phase is not

significantly different. From this result, dengue serotype 2 can infect Vero cells in G0

phase lower than unsynchronized Vero cells.

8.2 Comparison of percent infectivity of dengue serotype 2 in

unsynchronized Vero cells and Vero cells in M phase

        Unsynchronized Vero cells and Vero cells in M phase were infected with dengue

virus serotype 2 at 37oC / 5%CO2 for 1 hour. DMEM supplemented with 5% FBS was

added and infected cells were incubated at 37oC / 5%CO2. The infected Vero cells

were incubated for 2 hours. After that the infected cells were trypsinized and diluted in

DMEM supplemented with 5% FBS. The confluent Vero cells in 6 well plates were

added with serially diluted infected cells at 37oC / 5%CO2 for 1 hour. The first overlay

mixture solution was gently added as same as the plaque assay method. The result

(figure 60) shows that percent infectivity of dengue serotype 2 in Vero cells in M

phase is 17.52% whereas percent infectivity of dengue serotype 2 in unsynchronized

Vero cells is 24.2% and the P value is about 0.3231. Then the percent infectivity of

dengue serotype 2 from unsynchronized Vero cells and Vero cells in M phase is not

significantly different. From this result, dengue serotype 2 can infect Vero cells in M

phase lower than unsynchronized Vero cells.
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Figure 59. Comparison of percent infectivity of dengue serotype 2 in

unsynchronized Vero cells and Vero cells in G0 phase

        The percent infectivity of dengue serotype 2 in Vero cells in G0 phase is 12.74%

whereas percent infectivity of dengue serotype 2 in unsynchronized Vero cells is

24.2% and the P value is about 0.0704. Dengue serotype 2 can infect Vero cells in G0

phase lower than unsynchronized Vero cells.
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Figure 60. Comparison of percent infectivity of dengue serotype 2 in

unsynchronized Vero cells and Vero cells in M phase

        The percent infectivity of dengue serotype 2 in Vero cells in M phase is 17.52%

whereas percent infectivity of dengue serotype 2 in unsynchronized Vero cells is

24.2% and the P value is about 0.3231. Dengue serotype 2 can infect Vero cells in M

phase lower than unsynchronized Vero cells.
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8.3 Comparison of percent infectivity of dengue serotype 2 in

unsynchronized Vero cells and Vero cells in S phase

        Unsynchronized Vero cells and Vero cells in S phase were infected with dengue

virus serotype 2 at 37oC / 5%CO2 for 1 hour. DMEM supplemented with 5% FBS was

added and infected cells were incubated at 37oC / 5%CO2. The infected Vero cells

were incubated for 2 hours. After that the infected cells were trypsinized and diluted in

DMEM supplemented with 5% FBS. The confluent Vero cells in 6 well plates were

added with serially diluted infected cells at 37oC / 5%CO2 for 1 hour. The first overlay

mixture solution was gently added as same as the plaque assay method. The result

(figure 61) shows that percent infectivity of dengue serotype 2 in Vero cells in S phase

is 17.39% whereas percent infectivity of dengue serotype 2 in unsynchronized Vero

cells is 24.2% and the P value is about 0.3263. Then the percent infectivity of dengue

serotype 2 from unsynchronized Vero cells and Vero cells in S phase is not

significantly different.

8.4 Comparison of percent infectivity of dengue serotype 3 in

unsynchronized Vero cells and Vero cells in G0 phase

        Unsynchronized Vero cells and Vero cells in G0 phase were infected with dengue

virus serotype 3 at 37oC / 5%CO2 for 1 hour. DMEM supplemented with 5% FBS was

added and infected cells were incubated at 37oC / 5%CO2. The infected Vero cells

were incubated for 2 hours. After that the infected cells were trypsinized and diluted in

DMEM supplemented with 5% FBS. The confluent Vero cells in 6 well plates were

added with serially diluted infected cells at 37oC / 5%CO2 for 1 hour. The first overlay

mixture solution was gently added as same as the plaque assay method. The result

(figure 62) shows that percent infectivity of dengue serotype 3 in Vero cells in G0

phase is 13.21% whereas percent infectivity of dengue serotype 3 in unsynchronized

Vero cells is 19.70% and the P value is about 0.0616. Then the percent infectivity of

dengue serotype 3 from unsynchronized Vero cells and Vero cells in G0 phase is not

significantly different. From this result, dengue serotype 3 can infect Vero cells in G0

phase lower than unsynchronized Vero cells.



Waranyoo Phoolcharoen                                                                                                       Results / 110

Figure 61. Comparison of percent infectivity of dengue serotype 2 in

unsynchronized Vero cells and Vero cells in S phase

The percent infectivity of dengue serotype 2 in Vero cells in S phase is 17.39%

whereas percent infectivity of dengue serotype 2 in unsynchronized Vero cells is

24.2% and the P value is about 0.3263. From this result, dengue serotype 2 can infect

Vero cells in S phase lower than unsynchronized Vero cells.

Unsynchronized cell S
0

10

20

30
Unsynchronized cell
S

%
in

fe
ct

iv
ity

P value = 0.3263



Fac. of Grad. Studies, Mahidol Univ.                                            M.Sc. (Mol. Genet. Genet. Eng.) / 111

Figure 62. Comparison of percent infectivity of dengue serotype 3 in

unsynchronized Vero cells and Vero cells in G0 phase

        The percent infectivity of dengue serotype 3 in Vero cells in G0 phase is 13.21%

whereas percent infectivity of dengue serotype 3 in unsynchronized Vero cells is

19.70% and the P value is about 0.0616. Dengue serotype 3 can infect Vero cells in G0

phase lower than unsynchronized Vero cells.
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Figure 63. Comparison of percent infectivity of dengue serotype 3 in

unsynchronized Vero cells and Vero cells in M phase

        The percent infectivity of dengue serotype 3 in Vero cells in M phase is 23.33%

whereas percent infectivity of dengue serotype 3 in unsynchronized Vero cells is

19.70% and the P value is about 0.4041. dengue serotype 3 can infect Vero cells in M

phase higher than unsynchronized Vero cells.
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Figure 64. Comparison of percent infectivity of dengue serotype 3 in

unsynchronized Vero cells and Vero cells in S phase

        The percent infectivity of dengue serotype 3 in Vero cells in S phase is 19.35%

whereas percent infectivity of dengue serotype 3 in unsynchronized Vero cells is

19.70% and the P value is about 0.8774. Dengue serotype 3 can infect Vero cells in S

phase and unsynchronized Vero cells quite equally.
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8.7 Summary of the percent infectivity in Vero cells

        The percent infectivity of dengue serotype 2 and 3 in Vero cells are summarized

in figure 65 and figure 66 respectively. From figure 65, The percent infectivity of

DEN-2 in Vero cells in G0 phase, M phase, S phase and unsynchronized Vero cells is

12.74%, 17.52%, 17.39% and 24.20% respectively and P value is 0.2475. From figure

66, The percent infectivity of Vero cells in G0 phase, M phase, S phase and

unsynchronized Vero cells is 13.21%, 23.33%, 19.35% and 19.70% respectively and P

value is 0.0480. Although the P value is less than 0.05, from this picture the percent

infectivity in each phase is slightly different. From these two figures, the percent

infectivity of dengue serotype 2 and 3 in Vero cells is not different among each phase

of the cells cycle.
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Figure 65. The comparison of percent infectivity of Vero cells in each phase of the

cell cycle compared with unsynchronized Vero cells, which were infected with

dengue serotype 2

        The percent infectivity of dengue serotype 2 in Vero cells is not significantly

different among each phase of the cell cycle. The percent infectivity in G0 phase, S

phase and M phase are not different to the percent infectivity in unsynchronized Vero

cells.
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Figure 66. The comparison of percent infectivity of Vero cells in each phase of the

cell cycle compared with unsynchronized Vero cells, which were infected with

dengue serotype 3

        The percent infectivity of dengue serotype 3 in Vero cells is slightly different

among each phase of the cell cycle. The percent infectivity in G0 phase is lower

whereas in M phase is higher than in unsynchronized Vero cells. The percent

infectivity in S phase is equal to the percent infectivity in unsynchronized Vero cells.
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9. Comparison of the expression of GRP78 on membrane proteins of

HepG2 in G2 phase and unsynchronized HepG2 cells
        The membrane proteins of HepG2 cells in G2 phase and unsynchronized HepG2

cells were extracted and separated by SDS-PAGE. The expression of GRP78 was

detected by western blot analysis. Figure 67 shows the bands of membrane proteins.

Western blot analysis showed one major band, which corresponded in size about 82

kDa (figure 68). From this picture, this band in HepG2 cells in G2 phase and

unsynchronized HepG2 cells have the same intensity.
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Figure 67. SDS-PAGE of the membrane proteins of HepG2 cells

This figure shows SDS-PAGE profile of the membrane proteins of HepG2 cells

in G2 phase and unsynchronized HepG2 cells.

Lane1: The membrane proteins of HepG2 cell in G2 phase

Lane2: The membrane proteins of unsynchronized HepG2 cells

Lane3: Standard molecular weight marker
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Figure 68. Western blot analysis of GRP78

This figure represents western blot analysis, which is corresponding to SDS-PAGE in

figure 67. Membrane proteins of unsynchronized HepG2 cells and HepG2 cells in G2

phase were detected by using rabbit anti-GRP78 antibody and anti-rabbit IgG as

primary and secondary antibody respectively.

Lane1: Standard molecular weight marker

Lane2: The membrane proteins of unsynchronized HepG2 cells

Lane3: The membrane proteins of HepG2 cells in G2 phase
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CHAPTER V

DISCUSSION

1. Dengue production from HepG2 and Vero cells
        From the results of dengue viral production from Vero cells and HepG2 cells

(figure 6 and figure 7), all 4 serotypes of dengue virus are produced from Vero cells

quicker than from HepG2 cells. Moreover all 4 serotypes of dengue virus produced

from Vero cells higher than from HepG2 cells which be because the environment in

both cells is different. Perhaps Vero cells have the condition in the cells that is good

for dengue replication whereas the condition in HepG2 cells is also good for dengue

replication but less than in Vero cells. Although the results show that dengue can

infect Vero cells, which is a nontarget cell, better than HepG2 cells, which is a target

cell, but both cells are the cell culture and the cell culture may different from the

nature cells.

        From both cells, DEN-4 produced faster than other serotypes. This finding was in

good agreement with the phylogenetic tree for the envelope proteins (Figure 69) (56).

From this tree, the envelope protein from dengue serotype 4 is the serotype that is

distinctly different from other serotypes. Then the envelope protein of dengue serotype

4 may bind to the receptors on the cell surface better than the envelope protein of other

serotypes and lead to the infection earlier than other serotypes. This perhaps causes

that the dengue serotype 4 production that is earlier than other serotypes.

        From these results, it seems like that the production of dengue virus is specific for

serotype in both HepG2 cells and Vero cells. But in these experiments, dengue viruses

were used only one stain of serotype because there is only one stain of each dengue

serotype in our laboratory. If there are many stains of each dengue serotype, the

experiments to determine that the production of dengue is specific for stain or serotype

of dengue virus can be done.
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Figure 69. Dendrogram of the envelope protein from DEN-1 (Nauru), DEN-2

(Jamaica), DEN-3 (H87) and DEN-4 (814669). (56)

        The sequences were aligned by the progressive-alignment method and classified

by the NJ method.
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2. The synchronization of HepG2 and Vero cells
        From the result of synchronization of HepG2 cells, the stages of the cell cycle

that HepG2 cells can be arrested in are G2 phase, M phase and S phase. Whereas Vero

cells can be arrested in G0 phase, M phase and S phase. Both HepG2 cells and Vero

cells can be arrested in M phase and S phase by using paclitaxel and thymidine double

block method respectively. Paclitaxel stabilizes microtubules and prevents the

microtubule reorganization required for progression mitosis, halting cell cycle

progression at M phase (51). For S phase, thymidine double block method was used.

Before using this method, aphidicolin was used to synchronize the cells into S phase.

Aphidicolin can block the action of DNA polymerase-α, trapping cells during DNA

synthesis at S phase (39). But it cannot synchronize the cells into S phase. Then

thymidine double block method was performed.

        Historically, the use of excess thymidine was the first widely accepted, and

remains on of the most effective method for inducing synchrony (57). By treatment

with two sequential “thymidine block” a synchronous population of cells can be

obtained at the beginning of S phase, and the method can be effectively utilized to

synchronize both suspension and monolayer cells. This method has to adjust the time

depending on the time in each phase of the cell cycle. For HepG2 and Vero cells, the

time in each phase of the cell cycle was not known. Then the method that was used

followed the method that used to synchronize Hela cells (Gary et al.), which have the

doubling time about 24 hours, similar to HepG2 and Vero cells. For Hela cells, M

phase is probably about 45-60 minutes long, giving a G2 period of about 2.5-3 hours.

The cells were grown in 2mM thymidine containing medium for 12 hours. During this

period, the G2/M cells will progress in to G1 and then with the original G1 population

acquire a biochemical state equivalent to G1/S phase border cells. (G2M = 3.6 hours +

G1 = 8.4 hours, total = 12 hours) Any cells in S phase upon addition of thymidine will

become blocked in S phase. Then release of the cells from the first thymidine block is

performed. The cells were incubated in normal medium for 16 hours. During this

period the cells recover from the thymidine block (approximately 1-2 hours) and

progress through the cell cycle, dividing and entering G1 of the next cell cycle. Entry

into G1 of the next cell will commence with the cells that were blocked at the end of S

phase (the leading-edge cells). This will take about 5-6 hours following release from
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thymidine block (1-2 hours recovery + 4 hours progression through G2/M). Entry into

G1 of the next cell cycle will end with the lagging-edge cells (those arrested at G1/S)

progressing through the cell cycle and dividing (between 16-18 hours). The leading

edge cells will be at the G1/S phase border of the next cell cycle at the end of the 16

hours. The lagging-edge cells will be in G2/M at the end of the 16 hours. After these

16 hours, the cells were reincubated in 2 mM thymidine containing medium for 12

hours. Cells in G2/M or G1 would progress and arrest at the G1/S phase border.

        By using serum starvation method, HepG2 cell was arrested in G2 phase whereas

Vero cell was arrested in G0 phase. Normally, after the cells were deprived the growth

factors, they will enter the quiescence state or G0 phase. But HepG2 cell was not

arrested in G0 phase after serum starvation. One possibility is that HepG2 cell is a

human hepatoma cell line. It did not stop dividing when growth factors are depleted.

The cancer cells may make growth factors themselves and may have an abnormal

growth factor signaling system. Moreover, the cancer cells that stop dividing do so at

random points in the cycle instead of at checkpoints (58). When HepG2 cells were

incubated in MEM with no FBS for 36 hours, maybe the G1 checkpoint did not work.

But the G2 checkpoint can work. Then HepG2 cells were arrested in G2 phase. It is

better if HepG2 cell was synchronized into G0 phase because liver cells in adult are

almost in G0 phase (59) and they divide once a year. Then if HepG2 cells can be

synchronized into G0 phase and the infection of dengue virus in HepG2 cells in G0

phase is different from the infection in HepG2 cells in other phases, that means other

studies about the infection in liver cells by using the cell culture fail. Moreover, other

studies cannot explain the infection also because normal liver cells are arrested in G0,

which the infection is different from the cells in other phases. Then HepG2 cells

should be tried to synchronize into G0 phase by using other methods such as isoleucine

starvation (54). Other liver cell lines such as HuH7, PLC or Hep3B should be used to

do the experiments and determine that whether there is the difference among each cell

line. The best experiment should be done with the primary liver cells because it is the

real system. But it is difficult to get the normal liver cells because of the moral reason.

        Yeh et al. (50) synchronized HepG2 cells into G0 phase by incubating in DMEM

without FBS for 30 hours. But the result shows that HepG2 cells were not arrested in

G0 phase even incubating in DMEM without FBS for 36 hours. One possibility that
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can explain is that HepG2 cell that was in this experiment has the different passage

when compared to the passage of HepG2 cell that used in that experiment. When the

cells were grown with several passages, the cells might change and the G1 checkpoint

of the cells did not work. Then HepG2 cells that used in this experiment were not

arrested in G0 phase.

        For Vero cell, it is a monolayer cell line. When they are confluent, they will not

grow in upper layer. Then the contact inhibition can occur. Both contact inhibition and

serum starvation drive Vero cells into quiescent state or G0 phase. In the experiment,

Vero cells were not synchronized into G2 phase. Then Vero cells should be

synchonized into G2 phase by using other methods and determined the difference of

dengue infection comparing to other phases.

        In the experiment, there are other phases of the cell cycle that were not

synchronized. For eaxmple, HepG2 cells were not synchronized into G0 phase and G1

phase whereas Vero cells were not synchronized into G1 phase and G2 phase. For G1

phase, there is another chemical that can be used to block the cells, which is lovastatin

(60). There is the study, which found that lovastatin could block the cells, including

normal and tumor cells of mouse, hamster and human origins. Lovastatin can block

the cells into early G1 phase because it is an inhibitor of 3-hydroxy-3-methylglutaryl-

coenzyme A reductase.

3. Cell cycle regulated dengue infection in HepG2 and Vero cells
        The production and percent infectivity results of dengue serotype 2 and 3 in

HepG2 cells suggest that the receptors of dengue serotype 2 and 3 express differently

in each phase of the cell cycle. But the environment in the cell may affect the infection

also. For example, if the virus uses one receptor that expresses on the cell surface at

the time that the environment in the cell is good for viral replication, it can replicate

better than use other receptors to enter into the cell in other phases that the

environments are not good for viral replication. Then both the receptor expression and

the environment in the cells may affect the difference of dengue infection.

        Adenovirus receptors, which are coxsackie-adenovirus receptor (CAR) and αv-

integrin, are the viral receptors that express differently among each phase of the cell

cycle (39). The first encounter of Ad with cells occurs through a high-affinity
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interaction of the adenovirus fiber protein with its cell surface receptor, CAR,

followed by low-affinity interaction between the adenovirus penton base protein and

cell surface integrins (61). Receptor binding leads to internalization of the virus into

the cell by receptor-mediated endocytosis, lysis of the endosomal membrane, escape to

the cytosol, trafficking along microtubule toward the nucleus, binding to the nuclear

envelope, and insertion of the viral genome into the nucleus. Adenovirus increases

binding in the M phase cells (figure 70) and the assessment of cell surface expression

of Ad receptors demonstrated that both the high-affinity coxsackie-adenovirus

receptor for Ad fiber protein and the low affinity αv integrin receptor for Ad penton

base protein showed increased cell surface expression at M phase (figure 71).

        This experiment is different from our experiment because the receptors for

adenovirus have been already known. But now the receptors for dengue virus in

HepG2 cells are not identified. Then there is no antibody against dengue receptor to

detect the expression of dengue receptors in each phase of the cell cycle directly.

        From the results of the percent infectivity of dengue serotype 2 and 3 in HepG2

cells, dengue serotype 2 can infect in HepG2 cells in G2 phase better than other

phases. In contrast, the phases that dengue serotype 3 can infect better are G2 phase

and M phase. These results may suggest that dengue serotype 2 and 3 use different

receptors to infect in HepG2 cells.

        For Vero cells, the productions of dengue serotype 2 and 3 were different among

each phase of the cell cycle whereas the percent infectivities were equal. These results

may imply that the receptors of dengue serotype 2 and 3 in Vero cells express in each

phase of the cell cycle similarly. But the environments in Vero cells are the cause of

the difference of dengue production. Because dengue serotype 2 and 3 infect Vero

cells in each phase of the cell cycle equally whereas they produce from Vero cells in

each phase of the cell cycle differently.

        There are other studies about the cell cycle involvement with the viral infection

such as retrovirus (40;41). A retrovirus infects the cells, which progress through M
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Figure 70. Fluorescence microscopy analysis of adenovirus binding following

treatment with cell cycle inhibitors. (39)

        A549 cells were plated and treated with cell cycle inhibitors such as paclitaxel

and nocodazole to synchronize the cells into M phase and aphidicolin to synchronize

the cells into S phase. After 24 hours, the cells were washed to remove the inhibitor,

incubated for 1 hour in culture medium, and infected with Cy3-conjugated Ad vector

(1011 particles/ml, 10 min, 37oC). After infection, cells were washed, fixed, and

analyzed by fluorescence microscopy. Single optical sections show Cy3-Ad in the red

channel and DAPI-stained nuclei. (A) Control. (B) Paclitaxel (0.1µM). (C)

Nocodazole (1.0 µM). (D) Aphidicolin (5µg/ml). Note that with paclitaxel and

nocodazole, there is accumulation of Cy3-Ad on cells. Bar, 10 µm.
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Figure 71. Flow cytometric analysis of cell surface coxsackie-adenovirus receptor

(CAR) and αv integrin expression following treatment with cell cycle inhibitors.

(39)

         A549 cells were treated with cell cycle inhibitors as described in figure 69. After

24 hours, the cells were stained with primary antibody (mouse anti-CAR or mouse

anti-αv integrin) or an irrelevant primary antibody (Control) and secondary antibody

(fluorescence-conjugated goat anti-mouse), and anlyzed by flow cytometry. Data are

presented as the percent change in mean fluorescence relative to control cells.
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phase better than the arrested cells because retrovirus genome has to be integrated into

the host cell’s nuclear DNA. Retrovirus needs to infect in M phase cells because the

nuclear membrane will disassemble, which is easy for retrovirus genome to enter the

nucleus.

        Although dengue viral genome is RNA as same as the genome of retrovirus, the

replication of dengue virus occur in cytoplasm of the cells and dengue virus does not

enter into the nucleus of the cell through its life cycle (2). Then the nuclear membrane

break is not necessary for dengue virus. But dengue virus has to use some factors from

the cells, such as some enzymes, which may increase in some phase of the cell cycle.

Then dengue can produce from Vero cells in each phase of the cell cycle differently

although it can infect equally.

        Another possibility is that dengue serotype 2 and 3 may enter into Vero cells by

using membrane fusion, not receptor mediated endocytosis. Then it is not necessary to

use the receptor to internalize into the cells. There are the examples of Flavivirus that

can enter into the cell by membrane fusion such as tick-borne encephalitis (TBE). The

membrane fusion of TBE is triggered by the midly acidic pH of the endosome and is

mediated by envelope protein E (62;63). Moreover, there is the study about the entry

mode of dengue virus into C6/36 mosquito cells (18). The result suggested that dengue

virus serotype 2, enter into C6/36 mosquito cells by membrane fusion. Then dengue

virus may enter into Vero cells by using membrane fusion, which may cause the

similarity of the infection in each phase of the cell cycle.

        Biological membranes exist as a fluid mosaic of protein and lipid which possess

various degrees of motion (64). Many fundamental properties of membranes are

affected by molecular motions of the membrane components. For example, the

transport process, which also includes viral internalization, has been related to

membrane fluidity (65). Studies of the surface of mammalian cells in culture have

indicated changes related to growth and to the cell cycle (66;67). By electron spin

resonance, Lai et al. (68) showed that changes of the membrane fluidity were

dependent on the cell cycle; that is, cells in mitosis had the highest membrane fluidity,

whereas cells in the G1 and early S phases had the lowest membrane fluidity.

        From figure 58 and figure 66, dengue serotype 3 can infect into HepG2 cells and

Vero cells in M phase more than the unsynchronized cells respectively. These results
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were in good agreement with the result of electron spin resonance. Dengue serotype 3

may internalize into HepG2 cells and Vero cells by using membrane fusion. Then it

can internalize into the cells in M phase better because the cells are less rigid in this

phase. It may be implied that the fluidity of the cell membrane is one factor that

affects the difference of dengue serotype 3 infection. But dengue serotype 2 can infect

into HepG2 cells and Vero cells in M phase less than the unsynchronized cells (figure

57 and figure 65). These results were in contrast with the result of electron spin

resonance, which may suggest that the fluidity of the cell membrane is not the factor

that affects the difference of dengue serotype 2 infection.

4. Detection of Glucose-regulated protein 78 (GRP78)
        From the result of Virus Overlay Protein Binding Assay (VOPBA)

(Jindadamrongwech S., Personal Communication) shows many bands of proteins that

dengue serotype 2 can bind to the membrane proteins of HepG2 cells. One band is

GRP78. Then GRP78 is the candidate to be dengue receptor in HepG2 cells. GRP78 or

glucose-regulated protein 78 is an endoplasmic reticulum chaperone, which is

essential for the proper glycosylation, folding and assembly of many membrane bound

and secreted proteins (69). In cultured cells, transcription of the GRP78 gene is

induced by stresses that produce incorrectly folded or assembled proteins in the

endoplasmic reticulum (70). These stresses include hypoxia, endoplasmic reticulum

calcium depletion and acute glucose starvation. The effects of glucose concentration

on GRP78 mRNA abundance have been investigated only with cells cultured in

medium containing 4.5 mg/ml glucose and medium containing no glucose (71).

        In the experiment, after HepG2 cells were incubated in MEM with no FBS for 36

hours, they were in G2 phase. In this condition, the cells were deprived the growth

factors, many nutrients and glucose because normally HepG2 cells were maintained in

DMEM supplemented with 10%FBS. DMEM has glucose 4,500 mg/L whereas MEM

has only 1,000 mg/L. Then the GRP78 should be expressed higher in HepG2 cells in

G2 phase.

        Then the western blot was used to detect the expression of GRP78 in HepG2 cell

in G2 phase comparing to unsynchronized HepG2 cells. GRP78 expression was not

different in HepG2 cells in G2 phase and unsynchronized HepG2 cells. This means
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that HepG2 cells do not increase the expression of GRP78 in the glucose starvation

condition, which is in contrast with previous study (71).

        Nevertheless, the experiments to determine whether GRP78 expresses differently

in M phase and S phase should be done. From the results of dengue serotype 2

infection in HepG2 cells in M phase and S phase are less than in unsynchronized

HepG2 cells. Then GRP78 may express in M phase and S phase less than

unsynchronized HepG2 cells, which implies that GRP78 is the cell cycle dependent

receptor for dengue virue serotype 2. Then the experiment to detect the expression of

GRP78 in M phase and S phase comparing to unsynchronized cells should be done.

        If GRP78 expresses equally in every phases of the cell cycle, it suggests that

dengue virus perhaps uses several receptors to infect HepG2 cells. Then maybe there

are other receptors, which dengue virus uses for infection, that express depending on

the cell cycle of HepG2 cells. Another possibility is that GRP78 may be not the

receptor for dengue virus. It should be more experiments to confirm whether GRP78 is

the real receptor for dengue virus.
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CHAPTER VI

CONCLUSION

        Dengue serotype 2 and 3 infect HepG2 cells and produce from HepG2 cells

differently among each phase of the cell cycle. These results imply that the receptors

of dengue serotype 2 and 3 on HepG2 cells express depending on the cell cycle.

However, the environment in the cells may also affect the production of the virus.

Moreover the phases, which both serotypes can infect better, are different. Then

dengue serotype 2 and 3 may use different receptors to infect HepG2 cells.

        For Vero cells, both serotypes of dengue virus produce from Vero cells

differently among each phase of the cell cycle whereas they infect Vero cells in each

phase of the cell cycle equally. These results may imply that the receptors of dengue

serotype 2 and 3 on Vero cells express equally among each phase of the cell cycle or

both serotypes of dengue virus may enter into Vero cells by membrane fusion, not

receptor mediated endocytosis.

        GRP78, a candidate to be dengue serotype 2 receptor in HepG2 cells, expressed

equally in HepG2 cells in G2 phase and unsynchronized HepG2 cells. This means

HepG2 cells do not increase the expression of GRP78 in the glucose starvation

condition. Moreover, there should be other receptors that express depending on the

cell cycle.



Fac. of Grad. Studies, Mahidol Univ.                                              M.Sc. (Mol. Genet. Genet. Eng.) / 133

REFERENCES

1. World Health Organization. Dengue haemorrhagic fever: diagnosis, treatment,

prevention and control.  1997.

2. Leyssen P, De Clercq E, Neyts J. Perspectives for the treatment of infections with

Flaviviridae. Clin Microbiol Rev 2000; 13(1):67-82, table.

3. Gubler DJ KG. it's history and resurgence as a global public health problem. In:

Gubler DJ, editor. Dengue and dengue hemorrhagic fever. New York:

1997: 1-22.

4. Gubler DJ. Dengue and dengue hemorrhagic fever. Clin Microbiol Rev 1998; 11

(3):480-496.

5. Epidemiology Division. Annual epidemiological surveillance report.  1995. Veteran

Welfare Organization Printing House (Thai).

6. Rojanapithayahkom W. Dengue Haemorrhagic Fever in Thailand. 1. WHO Dengue

Bulletin Volume22 Dec 1998.  2003.

7. Mcbride WJ, Bielefeldt-Ohmann H. Dengue viral infections; pathogenesis and

epidemiology. Microbes Infect 2000; 2(9):1041-1050.

8. Chang G-J. Molecular biology of dengue viruses. In: Gubler DJ KG, editor. Dengue

and dengue hemorrhagic fever. New York: CAB International, 1997:

175-198

9. McMinn PC. The molecular basis of virulence of the encephalitogenic flaviviruses.

J Gen Virol 1997; 78 ( Pt 11):2711-2722.

10.Couvelard A, Marianneau P, Bedel C, Drouet MT, Vachon F, Henin D et al. Report

of a fatal case of dengue infection with hepatitis: demonstration of

dengue antigens in hepatocytes and liver apoptosis. Hum Pathol 1999; 30

(9):1106-1110.

11. Rosen L, Khin MM, U T. Recovery of virus from the liver of children with fatal

dengue: reflections on the pathogenesis of the disease and its possible

analogy with that of yellow fever. Res Virol 1989; 140(4):351-360.



Waranyoo Phoolcharoen                                                                                                    References / 134

12. Rosen L, Drouet MT, Deubel V. Detection of dengue virus RNA by reverse

transcription-polymerase chain reaction in the liver and lymphoid organs

but not in the brain in fatal human infection. Am J Trop Med Hyg 1999;

61(5):720-724.

13. Huerre MR, Lan NT, Marianneau P, Hue NB, Khun H, Hung NT et al. Liver

histopathology and biological correlates in five cases of fatal dengue

fever in Vietnamese children. Virchows Arch 2001; 438(2):107-115.

14. Miagostovich MP, Ramos RG, Nicol AF, Nogueira RM, Cuzzi-Maya T, Oliveira

AV et al. Retrospective study on dengue fatal cases. Clin Neuropathol

1997; 16(4):204-208.

15. Kuo CH, Tai DI, Chang-Chien CS, Lan CK, Chiou SS, Liaw YF. Liver

biochemical tests and dengue fever. Am J Trop Med Hyg 1992; 47

(3):265-270.

16. Mohan B, Patwari AK, Anand VK. Hepatic dysfunction in childhood dengue

infection. J Trop Pediatr 2000; 46(1):40-43.

17. Pancharoen C, Rungsarannont A, Thisyakorn U. Hepatic dysfunction in dengue

patients with various severity. J Med Assoc Thai 2002; 85 Suppl 1:S298-

S301.

18. Hase T, Summers PL, Eckels KH. Flavivirus entry into cultured mosquito cells

and human peripheral blood monocytes. Arch Virol 1989; 104(1-2):129-

143.

19. Lentz TL. The recognition event between virus and host cell receptor: a target for

antiviral agents. J Gen Virol 1990; 71 ( Pt 4):751-766.

20. Daughaday CC, Brandt WE, McCown JM, Russell PK. Evidence for two

mechanisms of dengue virus infection of adherent human monocytes:

trypsin-sensitive virus receptors and trypsin-resistant immune complex

receptors. Infect Immun 1981; 32(2):469-473.

21. Chen Y, Maguire T, Marks RM. Demonstration of binding of dengue virus

envelope protein to target cells. J Virol 1996; 70(12):8765-8772.

22. Wang S, He R, Patarapotikul J, Innis BL, Anderson R. Antibody-enhanced binding

of dengue-2 virus to human platelets. Virology 1995; 213(1):254-257.



Fac. of Grad. Studies, Mahidol Univ.                                              M.Sc. (Mol. Genet. Genet. Eng.) / 135

23. Moreno-Altamirano MM, Sanchez-Garcia FJ, Munoz ML. Non Fc receptor-

mediated infection of human macrophages by dengue virus serotype 2. J

Gen Virol 2002; 83(Pt 5):1123-1130.

24. Salas-Benito JS, del Angel RM. Identification of two surface proteins from C6/36

cells that bind dengue type 4 virus. J Virol 1997; 71(10):7246-7252.

25. Marianneau P, Megret F, Olivier R, Morens DM, Deubel V. Dengue 1 virus

binding to human hepatoma HepG2 and simian Vero cell surfaces differs.

J Gen Virol 1996; 77 ( Pt 10):2547-2554.

26. Hilgard P, Stockert R. Heparan sulfate proteoglycans initiate dengue virus

infection of hepatocytes. Hepatology 2000; 32(5):1069-1077.

27. Lin YL, Lei HY, Lin YS, Yeh TM, Chen SH, Liu HS. Heparin inhibits dengue-2

virus infection of five human liver cell lines. Antiviral Res 2002; 56

(1):93-96.

28. Chen Y, Maguire T, Hileman RE, Fromm JR, Esko JD, Linhardt RJ et al. Dengue

virus infectivity depends on envelope protein binding to target cell

heparan sulfate. Nat Med 1997; 3(8):866-871.

29. Hung SL, Lee PL, Chen HW, Chen LK, Kao CL, King CC. Analysis of the steps

involved in Dengue virus entry into host cells. Virology 1999; 257

(1):156-167.

30. Chen YC, Wang SY, King CC. Bacterial lipopolysaccharide inhibits dengue virus

infection of primary human monocytes/macrophages by blockade of

virus entry via a CD14-dependent mechanism. J Virol 1999; 73(4):2650-

2657.

31. Alberts B, Bray D, Johnson A, Lewis J, Raff M, Roberts K et al. Cell Division.

Essential cell biology: an introduction to the molecular biology of the

cell. New York: Garland Publishing, Inc., 1998: 547-569.

32. Cooper GM. The cell cycle. In: Cooper GM, editor. The cell: a molecular

approach. Washington, DC: ASM Press, 2003: 571-607.

33. Cassanelli S, Guillaud P, Louis J, Seigneurin D. Image cytometry of progesterone

receptor expression during the cell cycle in the MCF-7 cell line. J

Histochem Cytochem 1991; 39(12):1713-1718.



Waranyoo Phoolcharoen                                                                                                    References / 136

34. Segaert S, Degreef H, Bouillon R. Vitamin D receptor expression is linked to cell

cycle control in normal human keratinocytes. Biochem Biophys Res

Commun 2000; 279(1):89-94.

35. Takane H, Ohdo S, Yamada T, Koyanagi S, Yukawa E, Higuchi S. Relationship

between diurnal rhythm of cell cycle and interferon receptor expression

in implanted-tumor cells. Life Sci 2001; 68(12):1449-1455.

36. Majoul I, Schmidt T, Pomasanova M, Boutkevich E, Kozlov Y, Soling HD.

Differential expression of receptors for Shiga and Cholera toxin is

regulated by the cell cycle. J Cell Sci 2002; 115(Pt 4):817-826.

37. Grimwood J, Mineo JR, Kasper LH. Attachment of Toxoplasma gondii to host

cells is host cell cycle dependent. Infect Immun 1996; 64(10):4099-4104.

38. Wells A, Steen HB, Godal T, Klein G. Epstein-Barr virus receptor expression is

correlated to cell cycle phase. J Recept Res 1981; 2(3):285-298.

39. Seidman MA, Hogan SM, Wendland RL, Worgall S, Crystal RG, Leopold PL.

Variation in adenovirus receptor expression and adenovirus vector-

mediated transgene expression at defined stages of the cell cycle. Mol

Ther 2001; 4(1):13-21.

40. Bieniasz PD, Weiss RA, McClure MO. Cell cycle dependence of foamy retrovirus

infection. J Virol 1995; 69(11):7295-7299.

41. Hatziioannou T, Goff SP. Infection of nondividing cells by Rous sarcoma virus. J

Virol 2001; 75(19):9526-9531.

42. Bowerman B, Brown PO, Bishop JM, Varmus HE. A nucleoprotein complex

mediates the integration of retroviral DNA. Genes Dev 1989; 3(4):469-

478.

43. Lewis PF, Emerman M. Passage through mitosis is required for oncoretroviruses

but not for the human immunodeficiency virus. J Virol 1994; 68(1):510-

516.

44. Roe T, Reynolds TC, Yu G, Brown PO. Integration of murine leukemia virus

DNA depends on mitosis. EMBO J 1993; 12(5):2099-2108.

45. Humphries EH, Temin HM. Cell cycle-dependent activation of rous sarcoma

virus-infected stationary chicken cells: avian leukosis virus group-

specific antigens and ribonucleic acid. J Virol 1972; 10(1):82-87.



Fac. of Grad. Studies, Mahidol Univ.                                              M.Sc. (Mol. Genet. Genet. Eng.) / 137

46. Humphries EH, Temin HM. Requirement for cell division for initiation of

transcription of Rous sarcoma virus RNA. J Virol 1974; 14(3):531-546.

47. Lewis P, Hensel M, Emerman M. Human immunodeficiency virus infection of

cells arrested in the cell cycle. EMBO J 1992; 11(8):3053-3058.

48. Bukrinsky MI, Sharova N, Dempsey MP, Stanwick TL, Bukrinskaya AG,

Haggerty S et al. Active nuclear import of human immunodeficiency

virus type 1 preintegration complexes. Proc Natl Acad Sci U S A 1992;

89(14):6580-6584.

49. Heinzinger NK, Bukinsky MI, Haggerty SA, Ragland AM, Kewalramani V, Lee

MA et al. The Vpr protein of human immunodeficiency virus type 1

influences nuclear localization of viral nucleic acids in nondividing host

cells. Proc Natl Acad Sci U S A 1994; 91(15):7311-7315.

50. Yeh CT, Chiu HT, Chu CM, Liaw YF. G1 phase dependent nuclear localization

of relaxed-circular hepatitis B virus DNA and aphidicolin-induced

accumulation of   covalently closed circular DNA. J Med Virol 1998; 55

(1):42-50.

51. Gagandeep S, Novikoff PM, Ott M, Gupta S. Paclitaxel shows cytotoxic activity in

human hepatocellular carcinoma cell lines. Cancer Lett 1999; 136

(1):109-118.

52. Fiore M, Zanier R, Degrassi F. Reversible G(1) arrest by dimethyl sulfoxide as a

new method to synchronize Chinese hamster cells. Mutagenesis 2002; 17

(5):419-424.

53. Gary S Stein, Janet L.Stein. Cell synchronization. In: Renato Baserga, editor. Cell

growth and division a practical approach. Oxford: IRL Press, 1990: 133-

138.

54. Patrick M.O'Connor, Joany Jackman. Synchronization of mammalian cells. In:

Michele Pagano, editor. Cell cycle-Materials and methods. Germany:

Springer-Verlag Berlin Heidelberg 1996, 1995: 63-74.

55. Sambrook J, Russell DW. Molecular cloning ; a laboratory manual. 3 ed. New

York: Cold Spring harbor laboratory press, 2001.



Waranyoo Phoolcharoen                                                                                                    References / 138

56. Westaway E.G., Blok J. Taxonomy and evolutionary relationships of flaviviruses.

In: Gubler DJ, editor. Dengue and dengue hemorrhagic fever. New York:

CAB INTERNATIONAL, 1997: 147-173.

57. Bootsma D, Budke L, Vos O. Studies on synchronized divisions of tissue culture

cells initiated by excess thymidine. Expt Cell Res 1964; 33:301-304.

58. Campbell N. Biology. 5 ed. Menlo Park, California: Benjamin/Cummings, 1998.

59. Zimmermann A. Liver regeneration: the emergence of new pathways. Med Sci

Monit 2002; 8(3):RA53-RA63.

60. Keyomarsi K, Sandoval L, Band V, Pardee AB. Synchronization of tumor and

normal cells from G1 to multiple cell cycles by lovastatin. Cancer Res

1991; 51(13):3602-3609.

61. Huang S, Kamata T, Takada Y, Ruggeri ZM, Nemerow GR. Adenovirus

interaction with distinct integrins mediates separate events in cell entry

and gene delivery to hematopoietic cells. J Virol 1996; 70(7):4502-4508.

62. Stiasny K, Allison SL, Mandl CW, Heinz FX. Role of metastability and acidic pH

in membrane fusion by tick-borne encephalitis virus. J Virol 2001; 75

(16):7392-7398.

63. Stiasny K, Allison SL, Schalich J, Heinz FX. Membrane interactions of the tick-

borne encephalitis virus fusion protein E at low pH. J Virol 2002; 76

(8):3784-3790.

64. Singer SJ, Nicolson GL. The fluid mosaic model of the structure of cell

membranes. Science 1972; 175(23):720-731.

65. Bluemink J.G., de Laat S.W. Plasma membrane assembly as related to cell

division. In: Poste G., Nicolson G.L., editors. Cell Surface Reviews.

Amsterdam: Elsevier-North-Holland, 1997: 403-461.

66. Nicolson GL. Trans-membrane control of the receptors on normal and tumor cells.

II. Surface changes associated with transformation and malignancy.

Biochim Biophys Acta 1976; 458(1):1-72.

67. Nicolson GL. Transmembrane control of the receptors on normal and tumor cells.

I. Cytoplasmic influence over surface components. Biochim Biophys

Acta 1976; 457(1):57-108.



Fac. of Grad. Studies, Mahidol Univ.                                              M.Sc. (Mol. Genet. Genet. Eng.) / 139

68. Lai CS, Hopwood LE, Swartz HM. Electron spin resonance studies of changes in

membrane fluidity of Chinese hamster ovary cells during the cell cycle.

Biochim Biophys Acta 1980; 602(1):117-126.

69. Haas IG. BiP (GRP78), an essential hsp70 resident protein in the endoplasmic

reticulum. Experientia 1994; 50(11-12):1012-1020.

70. Little E, Ramakrishnan M, Roy B, Gazit G, Lee AS. The glucose-regulated

proteins (GRP78 and GRP94): functions, gene regulation, and

applications. Crit Rev Eukaryot Gene Expr 1994; 4(1):1-18.

71. Mote PL, Tillman JB, Spindler SR. Glucose regulation of GRP78 gene expression.

Mech Ageing Dev 1998; 104(2):149-158.



Waranyoo Phoolcharoen                                                                                                  Biography / 140

BIOGRAPHY

NAME                                                Miss Waranyoo Phoolcharoen

DATE OF BIRTH                             June 28, 1980

PLACE OF BIRTH                           Nakorn Sri Thammarat

INSTITUTIONS ATTENDED

                                                            Chulalongkorn University, Thailand: 1997-2001;

                                                                  Bachelor of Science

                                                                 (Biochemistry)

                                                            Mahidol University, Thailand: 2001-2003;

     Master of Science

              (Molecular Genetics and Genetic Engineering)

RESEARCH GRANT

                                                            Local Graduate Scholarship, National Center for

                                                            Genetic Engineering and Biotechnology

                                             The Thesis Grant, Faculty of Graduate Studies,

                                                            Mahidol University    
E-MAIL ADDRESS pwaranyoo@yahoo.com

mailto:pwaranyoo@yahoo.com

	CONTEXT.PDF
	ISBN 974-04-3714-1

	LIST OF ABBREVIATIONS.pdf
	DEN-1, DEN-2, DEN-3 and DEN-4dengue virus serotype 1, 2, 3 and 4

	Introduction.pdf
	Figure 5. Determination of cellular DNA content
	A population of cells is labeled with a fluorescent dye that binds DNA. The cells are then passed through a flow cytometer, which measures the fluorescence intensity of individual cells. The data are plotted as cell number versus fluorescence intensity,

	Objective.pdf
	OBJECTIVE

	materials and methods.pdf
	CHAPTER III
	Method 1
	Method 5
	
	Method 2
	Method 3 (53)
	Method 4 (54)

	Method 1

	Method 3
	
	Method 2
	Method 3 (53)
	Method 4 (54)




	RESULT.PDF
	Figure 8. Flow cytometry of unsynchronized HepG2 cells
	Figure 19. The characteristic of HepG2 cells in G2 phase (a) and M phase (b)

	Table 3. Summary of the method to synchronize HepG2 cells
	Table 5. Summary of the method to synchronize Vero cells

	Biography.pdf
	INSTITUTIONS ATTENDED
	RESEARCH GRANT




