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Abstract

Project Code : TRG5780299

Project Title : Effect of CD137 Receptor/Ligand Interaction in Dengue Virus-
Mediated Apoptosis And Its Application
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Abstract:

Dengue virus infection has become one of the leading causes of pediatric
morbidity and mortality worldwide. CD137 is the member of tumor necrosis factor
receptor super family 9 (TNFRSF 9) and influences not only the activation state of T
cells but also the activation, proliferation, survival, apoptosis of several immune and
nonimmune cells. Our group previously demonstrated the up-regulation of CD137
mRNA and surface CD137 receptor expression in DENV-infected HepG2 cells, which
correlated to the increasing of hepatocellular apoptosis. According to the crucial role of
monocytes, we firstly reported the upregulation of CD137 ligand both mRNA and
surface protein levels corresponding to the increasing of apoptosis upon DENV-infected
monocytes, U937 cell line. Moreover, prior treatment with blocking CD137 ligand
peptide, not antagonist anti-CD137 ligand antibody, prevented CD137 receptor/ligand
interaction between monocyte and hepatocyte, leading to reduction of apoptotic event in
monocytes. Furthermore, the increasing dose of blocking peptide stabilized its activity
longer. It might be possible that either monocyte or hepatocyte can transmit apoptotic-
inducing signal passing through its targets by using the cross-linking of its ligand. The
prevention of those interactions might lead to alleviating DENV-mediated tissue injury
and disease severity during DENV infection.

Keywords : CD137 receptor/ligand interaction, apoptosis, monocyte, hepatocyte,

blocking peptide
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1. Executive summary

1.1 Introduction to Research

Dengue virus (DENV), a positive-strand RNA virus of the Flavivirus family
with 4 different serotypes (DENV-1, -2, -3, and -4), is transmitted to human by mosquito
Aedes aegypti (1). The effect of DENV infection happens worldwide, predominantly in
subtropical and tropical regions. All four serotypes of DENV cause human disease with
varied degrees of severity. Some patients have asymptomatic infection. Most of
infected patients develop dengue fever (DF). Unfortunately, some patients reach to
severe forms, which are classified into dengue hemorrhagic fever (DHF) and dengue
shock syndrome (DSS) (2).

Monocytes have long been presented as main targets for DENV infection
and confer the severity of disease through its interaction with other immune and non-
immune cells and cytokine production (3, 4). Nevertheless, hepatic injury is one of the
most clinical significances, which lead to the severity of the disease. The cellular
apoptosis in hepatic cells convinces most of the researchers to study its molecular
mechanism and its association with disease severity. Up to now, there are several
evidences revealing the implication of liver involvement during DENV infection. Both in
vitro and in vivo studies demonstrated that hepatocytes are one of the major sites of
DENV replication in the liver and induced apoptosis, which might contribute to the
pathogenesis (5, 6).

CD137 is the member of tumor necrosis factor receptor super family 9
(TNFRSF 9) and influences not only the activation state of T cells but also activation,
proliferation, survival, apoptosis, and differentiation of several immune and nonimmune
cells and the course of immune responses (7-9). Our previous reports demonstrated the
upregulation of CD137 upon DENV infected-hepatocyte cells line as well as the
increasing of apoptosis and cytokine production (10, 11). Monocytes are well known in
CD137 signaling, which induces the production of proinflammatory cytokine and
apoptosis. Bidirectional signaling regulates the induction of apoptosis between immune
and nonimmune cells, especially hepatocytes. However, little is known about the
apoptosis-mediated by CD137 signaling in monocytes and CD137/CD137 ligand
interaction between hepatocytes and monocytes during DENV infection.

The significance of this research is to identify the role of CD137 signaling in
DENV —mediated apoptosis in monocytes and the CD137/ CD137 ligand interaction
between hepatocytes and monocytes, which contributed to apoptosis in hepatic cell line,

thereby leading to disease severity. This knowledge will lead us to better understanding
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in the pathogenesis of DENV infected hepatic cells and be applied in the utilization of
specific drug to block those interactions to minimize the disease severity upon DENV
infection.

1.2 Literature review

Mononuclear phagocytes are considered the main targets for viral
replication (12). Cells such as B lymphocytes, monocytes, hepatocytes and dendritic
cells are described as potential virus targets and may undergo programmed cell death
when infected in culture. Monocytes/macrophages and dendritic cells are responsible for
the dissemination of the virus after its entrance into the dermis by mosquito bite (13).

The TNF superfamily cytokines mediate their effects by activating transcription factors,

including NF-KB, which culminate in apoptotic processes and/or cellular proliferation
(14). A few years ago, In vitro infection model in which primary human monocytes are
infected with DENV-2, produce TNF- Q, IL-10 and are expressing apoptotic markers
such as phosphatidylserine exposition and Fas upregulation, indicating that apoptotic
processes are occurring (15). During the past decade, peripheral blood mononuclear
cells (PBMC), B and T lymphocytes, macrophages, and endothelial cells are believed to
be main targets for DENV infection (3, 4). Nevertheless, the several attentions have
been drawn into liver cells. Many researchers were interested in the phenomenon
occurred in liver upon DENV infection. As mention earlier, the apoptosis has been
shown in hepatocyte and may correlate with disease severity, particularly hepatic injury
and hepatomegaly. In the beginning with report of hepatitis in a fatal case of DENV
infection in 1999, viral hepatocytes were clearly demonstrated the DENV antigen in the
area with surrounding with the necrotic foci by immunohistochemistry. The in situ
detection of DNA fragmentation revealed that apoptotic hepatocytes were found in the
same area with DENV-infected hepatocytes (16). These findings suggest that
hepatocytes are one of the major sites of DENV replication in the liver and DENV
induced apoptosis of hepatocytes in vivo. Furthermore, the appearance of councilman
bodies, which are believed to be cells undergoing apoptosis, was detected by using
histological examination of the livers of fatal cases of DENV infection (5). More recently,
evidences were accumulated from fatal DHF/DSS during a Cuban dengue epidemic.
TUNEL positive in liver cells were observed in two from six cases(6). Overall evidences
demonstrated that liver apoptosis is one of the clinical finding in severity cases and
might contribute to the pathogenesis. Besides in vivo assay, most of in vitro studies
widely used human hepatoma cell lines (HepG2), which were undergone apoptosis like

the situation in DENV-infected liver cells in human. Consequently, HepG2 represents as
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a model for studying DENV-induced apoptosis in hepatocytes for the better
understanding of the pathogenesis of dengue disease severity.

Our previous studies demonstrated the crucial role of CD137 signaling upon
DENYV infection. Since 2007, we firstly reported the interaction between dengue virus
capsid protein (DENV C) and human Daxx, especially in nucleus, where determined the
apoptosis situation in HepG2 cells (17, 18). Therefore, we interested in the role of
nuclear DENV C in regulation the apoptosis. A few years ago, wild type (WT DENV C)
and mutant DENV C (R85A/R86A), which locates in cytoplasm only, stably-transfected
HepG2 cells were examined to cell death expression profiling by using real-time PCR
array containing death pathway targets (11). There were several cell death target gene
expressions, for example, TNF-O, TRAIL, and CD137, which were up-regulated wild-
type DENV C in comparison with mutants DENV C (11). CD137 was selected to study
in details because its role in DENV infection has not been investigated. The quantitative
real-time PCR was employed to confirm the mRNA expression level. Up to 6.5 fold and
2 fold of CD137 mRNA expression level in wild-type DENV C was clearly detected in
comparison with those of control cell and mutant DENV C, respectively. Moreover,
CD137 mRNA expression level was also increased in DENV-infected HepG2 cells (11).
The up-regulation of CD137 mRNA expression was also confirmed by the surface
CD137 protein level as well as the increasing of apoptotic cells. These data implied that
CD137 receptor can be inducible upon DENV infection to trigger apoptosis and
demonstrated the significant role of CD137 expression in the induction of apoptosis both
DENYV infection and DENV C transfection model. According to the apoptotic-induced role
of CD137, we discovered that almost two-fold increasing of apoptosis was clearly
demonstrated in anti-CD137, agonist monoclonal antibody to CD137, treated wild-type
DENV C compared to untreated one (11). More importantly, anti-CD137 treatment
augmented DENV-induced apoptosis in HepG2 cells (11). Both of these phenomenons
obviously indicated the crucial role of CD137-triggered apoptosis upon DENV infection.
In 2014, our research team firstly demonstrated that DENV infection resulted in DENV-C
translocates to nucleus and interacts with C-terminal part of Daxx, thereby releasing of
NF-kB to the promoter of CD137 gene and increasing of CD137 gene expression,
suggesting that CD137 receptor can be inducible upon cellular stress. Subsequently,
those inducible receptors will be engaged with CD137 ligand, leading to trigger
downstream signaling and induction of apoptosis in hepatic cells.

CD137 is the member of Tumor necrosis factor receptor super family 9

(TNFRSF 9), also known as ILA, CD137, CDw137, MGC2172, and FLJ43501. CD137
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receptor is mostly expressed in immune cells, activated T lymphocyte, and some in
monocytes and inducible primary cells (8). Conversely, naive T cell lacks of CD137
receptor expression. Its ligand is constitutively presented in antigen-presenting cells
(APC), B cell, dendritic cells (DC), and macrophage (monocyte) (19). CD137 genome
resides on chromosome 1p36 and this region was obviously associated with mutations
in several malignancies (20). Its soluble form generated by different spicing, were
increased upon certain diseases, such as rheumatoid arthritis, however, the association
with disease has not been elucidated (21). The best characteristic function of CD137 is
T cell co-stimulation. Accordingly, CD137 influences not only the activation state of T
cells but activation, proliferation, survival, apoptosis, and differentiation of several
immune and nonimmune cells and the course of immune responses (9). In general,
ligand can crosslink its own receptor, thereby leading to trigger only the cells, which
contain those receptors. Unlike others, CD137 ligand can transmit the signal
transduction in bidirectional, both cells containing receptor and ligand. The reverse
signaling can be generated in those cells, which express CD137 ligand (9).
1.3 Objective

1.3.1 To determine whether CD137 signaling triggers apoptosis in
DENV-infected monocytes

1.3.2 To determine whether CD137 receptor/CD137 ligand interaction
between hepatocytes and monocytes potentiates DENV —mediated apoptosis

1.3.3 To determine how to block CD137 signaling passing through the
interaction between monocytes and its targets for reduction of apoptosis induction

1.4 Research methodology

1.4.1 Cell lines, viral stain and reagents

Human monocyte cell line (U937) and Human hepatocellular carcinoma
(HepG2) were employed to study in these experiments. Dengue virus serotype 2
(DENV-2) strain 16681 was isolated from clinical samples, provided, maintained in our
lab, and was propagated for study in this experiment. DENV-2 E Monoclonal antibody,
4G2, were kindly provided from Dr. Chunya Puttikhunt (22). Anti-CD137L (sc-11817),
anti-CD137 receptor antibody (SC-58947) and CD137L peptide (sc-11817P) were
purchased from Santa Cruz Biotechnology. Annexin V kits were purchased from BD
Bioscience. CD45 conjugated APC and its isotype control were purchased from
Immunotool.

1.4.2 Optimized condition for DENV2-infected human monocyte cells

line, U937
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Up to 3 x 10° cells of U937 cells line were grown in 12-well plate and
pretreated with 200, 400, and 800 ng of purified anti-E(4G2) antibody, then infected with
DENV serotype 2 at moi 1, 5, and 10. These cells were harvested at 24, 48, and 72
hours post infection followed by fixed and permeabilized for staining with anti-E or 4G2
to perform intracellular staining of DENV E protein and finally analyzed the percentage
of infection by using flow cytometry. In order to get more than 50% infection, we
attempted to optimize the condition by varying level of 4G2 ranging from 50-200 ng, and
time post infection from 24-72 hours at MOI of 10.

1.4.3 Characterization of CD137 signaling in DENV —mediated apoptosis
in monocytes

Up to 6 x 10° U937 cells line were plated into 6-well plate. Both non-
infected, mock, and infected cells were prior incubated with 50 ng of anti-E (4G2) in
antibody-dependent enhancement model. DENV2 were added the at MOI of 10 and
performing the kinetic time points in every 12 hours post infection starting from 24- 72
hours (24, 36, 48, 60, and 72). Each 1 x 10° of DENV2-infected U937 cells and mock,
were harvested on ice and then, examined as following;

1.4.3.1 quantitative of CD137 receptor and ligand mRNA expression

Briefly, 1 x 10° of DENV2-infected U937 cells and mock were
extracted for mMRNA by using High pure RNA isolation kit (Roche) and 5 pg of total RNA
were converted into cDNA by using RT-PCR from RT2 First strand Kit (Qiagen). The
real time PCR were performed by mixing those diluted synthesized cDNA with master
mix containing SYBR green according the protocol provided by the manufacture and

finally, analyzed by using a Roche Light Cycler 480 machine. The Ct of each mRNA
and GAPDH control was measured and the difference between their VCt was

calculated. The relative expression values (2'vth) was then determined. Results were
obtained from three independent experiments. Unpaired t-test was used for statistical
analysis by StatView program and p value less than 0.05 was considered significant.

1.4.3.2 quantitative for surface of CD137 receptor and ligand

expression

Briefly, 1 x 10° of DENV2-infected U937 cells and mock were
collected on ice and blocked with 0.1% BSA. Subsequently, those blocking lived-cells
were immunostained with either anti-CD137 receptor antibody (SC-58947) or anti-
CD137 ligand antibody (SC-11817), following with anti-Mouse and anti-goat secondary
antibody conjugating with FITC and Alexa488, respectively. Finally, the CD137 positive

cells were quantitated by using Flow cytometer analysis on fluorescence activated cell
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sorting (FACS) with CellQuest data acquisition and analysis software. Unpaired t-test
was used for statistical analysis by StatView program and p value less than 0.05 was
considered significant.
1.4.3.3 quantitative of apoptotic cells
Briefly, 1 x 10° of mock and DENV2-infected U937 cells were
collected, including life and dead, then, subjected to measure apoptosis by using
AnnexinV/Pl staining and flow cytometry. All three independent experiments were
included and analyzed the statistical significance by using StatView program.
1.4.3.4 quantitative of DENV2 infectivity
Briefly, 1 x 10° of DENV2-infected U937 cells and mock were
collected, fixed, and permeabilized with 0.2% Triton-100. Subsequently, those cells were
immunostained with anti-E antibody or 4G2, following with anti-mouse secondary
antibody conjugating with FITC. Finally, the DENV2-positive cells were quantitated by
using Flow cytometer analysis on fluorescence activated cell sorting (FACS) with
CellQuest data acquisition and analysis software. All three independent experiments
were performed.
1.4.4 CD137 receptor/ligand interaction between hepatocytes and monocytes
in DENV —mediated apoptosis
1.4.4.1 Evaluation of specific surface CD marker for U937
Up 1 x 10° of both HepG2 and U937 cells were collected and washed
with PBS, then blocked with 2%FBS for 30 min on ice. After that, several CD markers
such as CD14, CD80, CD45, CD11, and CD40, and their isotype control antibodies,
which were conjugated with fluorescent dye, were subjected to stain these cells and
analyzed by Flow cytometry.
1.4.4.2 Examination the effect of CD137 receptor/ligand interaction
between hepatocytes and monocytes in DENV —mediated apoptosis
Co-culture experiment was employed in this experiment. Up to 3 x 10°
cells of HepG2 cells line were plated in 12-well plate in Day0. The day after, 6 x 10°
cells of U937 cell line were split and separated infected with DENV serotype 2 as
previously described at moi of 10 and moi of 5 for HepG2. Two hours post infection,
DENV-infected HepG2 were overlaid by DENV-infected U937 in 2%RPMI media. These
cells line was collected at 48- and 60-hours post infection to test further for apoptosis,
as previously described for each condition containing HepG2 Mock and U937 Mock,

HepG2 Mock with DENV-infected U937, U937 Mock with DENV-infected HepG2, and
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DENV-infected HepG2 and U937. In order to ascertain U937, we employed CD45-
conjugated with APC as specific marker for differentiate U937 from HepG2.
1.4.5 The effect of specific inhibitors targeting CD137 receptor/ligand

interaction between monocyte and its targets for reduction of apoptosis induction

1.4.5.1 The effect of specific inhibitors targeting CD137 receptor/ligand
interaction upon DENV-infected monocyte for reduction of apoptosis induction

Up to 3 x 10° U937 cells line were plated into 12-well plate. Both non-
infected, mock, and infected cells were prior incubated with 50 ng of anti-E (4G2) in
antibody-dependent enhancement model with MOl of 10. Twenty-four hours post
infection, either 0.5 pg/mL of blocking CD137L peptide or 5 ug/mL of antagonist anti-
CD137L antibody were treated to both non infected- and infected- U937 cell line. These
cells were harvested by performing the kinetic time points in every 12 hours (36, 48,
and 60) post infection and examined for apoptosis, as previously described. The activity
of blocking Peptide was no longer than 12 hours. Then, we collected only at 36 hours
post infection. Briefly, 1 x 10° of mock and DENV2-infected U937 cells were collected,
including life and dead, then, subjected to measure apoptosis by using AnnexinV/PI
staining and test infectivity of DENV infection, as previously described, and flow
cytometry. All three independent experiments were included and analyzed the statistical
significance by using StatView program. In order to obtain the increasing time for
blocking activity, we tried to increase dose up to 2 ug of blocking CD137L peptide and
then harvested cells at 48 hours post infection and measured apoptosis as mention
before.

1.4.5.2 The effect of specific inhibitors targeting CD137 receptor/ligand
interaction between monocyte and hepatocyte for reduction of apoptosis induction

Co-culture experiment was employed in this experiment. Up to 3 x 10°
cells of HepG2 cells line were plated in 12-well plate in Day0. The day after, 6 x 10°
cells of U937 cell line were split and separated infected with DENV serotype 2 as
previously described at moi of 10 and moi of 5 for HepG2. Two hours post infection,
DENV-infected HepG2 were overlaid by DENV-infected U937 in 2%RPMI media.
Twenty-four hours post infection, 2 pg/mL of blocking CD137L peptide was treated to
these cells line, and then collected at 60-hours post infection to test further for
apoptosis, as previously described for each condition containing HepG2 Mock and U937
Mock, HepG2 Mock with DENV-infected U937, U937 Mock with DENV-infected HepG2,
and DENV-infected HepG2 and U937. In order to ascertain U937, we employed CD45-
conjugated with APC as specific marker for differentiate U937 from HepG2.
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2. Result
2.1 To determine whether CD137 signaling triggers apoptosis in DENV-
infected monocytes
2.1.1 Optimized condition for DENV2-infected human monocyte cells
line, U937
We employed U937 monocyte cell line as a target to be infected with
dengue virus serotype 2 by using ADE to increase the yield of infection. Previous
reports demonstrated that the suboptimum level of antibody to help DENV2 infection to
U937 cells was 200 ng of anti-E, 4G2 or 3H5 with high Multiplicity of Infection (MOI) of
10. These condition can increase the percentage of infection from 0.1+ 0.09 up to 23+ 8
(23) at 72 hours post infection. We tested those condition by varying viral dose from
(MQI) from 1 to 10, level of 4G2 ranging from 200-800 ng, and time post infection from
24-72 hrs. Importantly, we got up to 50% of DENV2 -infected U937 with 200 ng of 4G2
and MOI of 10 at 24 hours post infection (Figure 1). However, the percentage of
infection decreased when the time post infection was increased as shown in Figure 2-3.
In order to get more than 50% infection, we attempted to optimize the condition by
varying level of 4G2 ranging from 50-200 ng, and time post infection from 24-72 hours
at MOI of 10. Surprisingly, our experiment found the lowest suboptimal condition of
purified 4G2 at 50 ng, that prone U937 monocyte cell line to be infected up to 70% of
infection after 24 hours post infection as shown in Figure 4 and 5. Nevertheless, the
high percentage of infection resulted in increasing of cellular apoptosis or death, leading
to the decreasing for percentage of DENV2 infection when the time was increasing up

to 72 hours.

% INFECTIVITY OF DENV2 INTO U937 CELLS AFTER
VARY DOSE OF ANTI-E AT 24 HRS. POST INFECTION
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Figure 1. The infectivity of DENV2-infected U937 monocyte cell line in antibody-
dependent enhancement model by varying viral dose and level of anti-E or purified 4G2

at 24 hours post infection.



Final report_MRG5580152_page 13

% INFECTIVITY OF DENV2 INTO U937 CELLS AFTER
VARY DOSE OF ANTI-E AT 48 HRS. POST INFECTION
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Figure 2. The infectivity of DENVZ2-infected U937 monocyte cell line in antibody-

dependent enhancement model by varying viral dose and level of anti-E or purified 4G2

at 48 hours post infection.
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HRS. POST INFECTION

100
90
80
70
60
50
40
30
20

% DENV2 infection

200 400 800
Level of Anti-E (ng)

Bm.oil Em.oib m.o.i.10

Figure 3. The infectivity of DENV2-infected U937 monocyte cell line in antibody-

dependent enhancement model by varying viral dose and level of anti-E or purified 4G2

at 72 hours post infection.

% INFECTIVITY OF DENV2 INTO U937 CELLS WITH
M.O.1.OF 10 AFTER VARY DOSE OF ANTI-E 50-200 NG

Anti-E 100 ng

% DENV2 Infection

Figure 4. The infectivity of DENV2-infected U937 monocyte cell line in antibody-

dependent enhancement model by using MOI of 10 and varying level of anti-E or

purified 4G2 from 50-200 ng and time post infection 24- 72 hours.
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Figure 5. The infectivity of DENV2-infected U937 monocyte cell line in antibody-
dependent enhancement model by using MOI of 10 and 50 ng of anti-E at 24 hours
post infection was performed by using intracellular staining and then, analyzed by using

Flow cytometer.

2.1.2 Characterization of CD137 signaling in DENV —mediated
apoptosis in monocytes

According to the crucial role of monocytes, several reports demonstrated
the apoptotic induction upon DENV infection. Monocytic cells is well known to study
CD137 ligand signaling, however, there were no reports revealing the CD137 signaling
in DENV —mediated apoptosis in monocytes. To determine whether CD137 signaling
triggers apoptosis in DENV-infected monocytes, human monocytic cell lines with
myeloid lineage, U937 will be employed to infect with DENV serotype 2 by using
antibody-dependent enhancement model with suboptimal condition including 50 ng. of
anti-E, MOI of 10, and performing the kinetic time points in every 12 hours post infection
starting from 24- 72 hours to study the minor change of DENV2-infected U937 for
induction of apoptosis. The quantitative of apoptotic cells, CD137 mRNA, surface
CD137 receptor and ligand expression level, will be measured upon DENV infection as
shown in proposed model in Figure 6. As expected, we detected the trend of
upregulating for CD137 receptor and ligand in mRNA level but not reached statistically
difference when compared between mock and infected cells in each time point, as
shown in Figure 7-8. More importantly, we detected the trend of upregulating for surface
CD137 receptor in protein level but not reached statistically significant difference when
compared between mock (non-infected cells) and infected cells in each time point as
shown in Figure 9. On the other hand, we surprised that not only found the trend of

increasing for surface CD137 ligand expression in protein level but also statistically
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significant difference at 60 hours post infection in DENV2-infected cells compared with
mock, p value < 0.01, as shown in Figure 10. Interestingly, we discovered the
increasing of apoptotic cells in DENV2-infected cells compared with mock cells only at
48- and 60-hours post infection with statistically significant difference, p value equal
0.006 and 0.001, respectively as shown in Figure 11 and 12. DENV2-infected U937cells
conferred up to 60-70% infection at 24 hours post infection. The percentage of infected
cells decreased along with the increasing of time post infection as shown in Figure 13.
Each time point has been shown the error bar, which indicated the mostly same amount

percentage of DENV2 infection for each experiment.

CD137 L

Monocyte

Figure 6. The proposed model represented the CD137-mediated apoptosis in

monocytes
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Figure 7. The fold change CD137 receptor mRNA expression level of DENV2-infected
U937 cells in antibody-dependent enhancement model by using MOI of 10 with 50 ng of
4G2 and time post infection 24- 72 hours. All three independent experiments were
included and analyzed the statistical significance by using Stat view program. Asterisks

indicate a significant difference among two groups (*p < 0.05 and **p<0.01).
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Figure 8. The fold change CD137 ligand mRNA expression level of DENV2-infected
U937 cells in antibody-dependent enhancement model by using MOI of 10 with 50 ng of
4G2 and time post infection 24- 72 hours. All three independent experiments were
included and analyzed the statistical significance by using Stat view program. Asterisks

indicate a significant difference among two groups (*p < 0.05 and **p<0.01).
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Figure 9. The surface CD137 receptor expression level of DENV2-infected U937 cells in
antibody-dependent enhancement model by using MOI of 10 with 50 ng of 4G2 and
time post infection 24- 72 hours. All three independent experiments were included and
analyzed the statistical significance by using Stat view program. Asterisks indicate a

significant difference among two groups (*p < 0.05 and **p<0.01).
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Figure 10. The surface CD137 ligand expression level of DENV2-infected U937 cells in
antibody-dependent enhancement model by using MOI of 10 with 50 ng of 4G2 and
time post infection 24- 72 hours. All three independent experiments were included and
analyzed the statistical significance by using Stat view program. Asterisks indicate a

significant difference among two groups (*p < 0.05 and **p<0.01).
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Figure 11. Dot plots represented the percentage of apoptotic cells in DENV2-infected

U937 in comparison with mock at 48- and 60-hours post infection.
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Figure 12. The percentage of apoptotic cells in DENV2-infected U937 in comparison
with mock along with time course 24-72 hours post infection. All three independent
experiments were included and analyzed the statistical significance by using Stat view
program. Asterisks indicate a significant difference among two groups (*p < 0.05 and

**p<0.01).
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Figure 13. The infectivity of DENV2-infected U937 monocyte cell line along the time

course of infection starting from 24-72 hours post infection.
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2.2 To determine whether CD137 receptor/CD137 ligand interaction between
hepatocytes and monocytes potentiates DENV —mediated apoptosis
2.2.1 Determination of specific marker for monocyte cells line, U937
Several CD markers, which widely expressed along with monocytic cells
were drawn into this study, such as CD14, CD80, CD45, CD11, and CD40. Basically,
CD14 served as monocytic marker but it can be expressed in Hepatocytic cells (HepG2)
approximately more than 50%. Hence, CD14 did not represent the differentiation marker
between U937 and HepG2. Other CD markers, CD11, CD40, and CD80, were not
expressed on U937. The best CD monocytic CD marker was CD45, which can be
expressed on surface of U937 more than 80% and not shown on the surface of HepG2,

compared with their isotype control antibodies, as shown in Figure 14.
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Figure 14 The percentage of surface CD45 marker expression between hepatocytic cell

(HepG2) and monocytic cells (U937) in comparison with their isotype control antibodies.



Final report_ MRG5580152_page 21

2.2.2 Examination of CD137 receptor/ligand interaction between
hepatocytes and monocytes in DENV —mediated apoptosis

Coculture method between HepG2 and U937 was employed in this study
with 4 different coculture conditions as following; HepG2 Mock and U937 Mock, HepG2
Mock with DENV-infected U937, U937 Mock with DENV-infected HepG2, and DENV-
infected HepG2 and U937. These cells were harvested at 48- and 60-hours post
infection and examined for cellular apoptosis by gating CD45-positive cells, which is
specific marker to differentiate U937 from HepG2, in order to ascertain the correct
number of apoptotic cells only from monocytes. Interestingly, we detected the trend of
increasing for apoptotic cells in U937 when cocultured with DENV2-infected HepG2 cells
in comparison with noninfected- HepG2 and -U937 cells at 48 hours post infection but
reached the statistically significant difference at 60 hours post infection with p value less
than 0.0001. As expected, DENV-infected HepG2 and -U937 cells had shown the high
number of apoptotic cells containing U937 cells with statistically significant difference, p

value less than 0.01, at 60 hours post infection as shown in Figure 15.
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Figure 15. The percentage of apoptotic cells in U937 cell line with different coculture
conditions along with time course 48- and 60-hours post infection. All three independent
experiments were included and analyzed the statistical significance by using Stat view
program. Asterisks indicate a significant difference among two groups (*p < 0.05 and

**p<0.01).
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2.3 To determine how to block CD137 signaling passing through the
interaction between monocytes and its targets for reduction of apoptosis induction
2.3.1 The effect of specific inhibitors targeting CD137 receptor/ligand
interaction upon DENV-infected monocyte for reduction of apoptosis induction
The activity of CD137 ligand can be expressed when interacts with its
receptor by initiation of apoptosis. CD137 ligand blocking peptide and antagonist anti-
CD137 ligand antibody were utilized upon DENV-infected U937 cells line with different
time point, starting at 36, 48, and 60 hours post infection. We found that there was no
effect when incubated longer than 12 hours (at 48- and 60-hours post infection) (data
not shown). Therefore, we further test its activity only at 36 hours post infection with 0.5
and 5 pg/ml of blocking peptide and antibody, respectively. Surprisingly, only blocking
peptide demonstrated the reduction in the percentage of apoptotic cells in U937 cells
when compared with untreated DENV-infected U937 cells and blocking antibody-treated
cells with statistically significant difference, p value less than 0.05, at 36 hours post
infection as shown in Figure 16 and 17. In order to discriminate the infectivity with
different treated cells, we further tested the percentage of DENV-infected U937. Up to
80% infection at 36 hours post infection were demonstrated in Figure 18. Each treated
cells and untreated cells have been shown the error bar, which indicated the mostly
same amount percentage of DENV2 infection for each experiment. In order to obtain the
increasing time for blocking activity, we tried to increase dose up to 2 ug of blocking
CD137L peptide and then harvested cells at 48 hours post infection and measured
apoptosis. Obviously, we detected that the increasing dose of blocking CD137L peptide
resulted in the decreasing of apoptotic cells with statistically significant difference, p
value less than 0.0001, in comparison with untreated group and blocking antibody-
treated cells. Moreover, the percentage of apoptotic cells was quite similar to

noninfected cells (mock), as shown in Figure 19.
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Figure 16. Dot plots represented the percentage of apoptotic cells in DENV2-infected

U937 when incubated with either blocking -peptide or -antibody in comparison with

untreated group at 36-hours post infection.
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Figure 17. The percentage of apoptotic cells in U937 cell line when incubated with

either blocking -peptide or -antibody in comparison with untreated group at 36-hours

post infection. All three independent experiments were included and analyzed the

statistical significance by using Stat view program. Asterisks indicate a significant

difference among two groups (*p < 0.05).
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Figure 18. The infectivity of DENV2-infected U937 monocyte cell line when incubated

with either blocking -peptide or -antibody in comparison with untreated group at 36-

hours post infection.
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Figure 19. The percentage of apoptotic cells in U937 cell line, when increased amount

of blocking CD137L peptide up to 2 ug/ml, compared with blocking anti-CD137L treated-

and untreated- group at 48 hours post infection. All three independent experiments were

included and analyzed the statistical significance by using Stat view program. Asterisks

indicate a significant difference among two groups (***p < 0.0001).
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2.3.2 The effect of specific inhibitors targeting CD137 receptor/ligand

interaction between DENV-infected monocyte and hepatocyte for reduction of apoptosis

induction

Previous report revealed the high number of apoptotic HepG2 cells at 60

hours post infection as well as mRNA and surface protein expression of CD137 receptor

and CD137Ligand. Moreover, our previous result in coculture experiment demonstrated

the trend of augmentation for apoptosis in U937 when cocultured with HepG2,

especially 60 hours post infection, see Figure 15, similar to DENV-infected U937 cells,

see Figure 12. Therefore, we prior treated cocultured cells with 2 ug/ml of blocking

CD137L peptide and harvested at 60 hours post infection. Surprisingly, we finally

discovered the high decreasing number of apoptotic U937 cells, when cocultured with

DENV-infected HepG2, in comparison with untreated group and reaching the statistically

difference, as shown in Figure 20 and 21. More importantly, the percentage of apoptotic

cells was quite similar to noninfected HepG2 and U937 cells (mock).
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Figure 20. Dot plots represented the percentage of apoptotic cells in DENV2-infected

HepG2 and U937 in comparison between blocking CD137L peptide and untreated group

at 60-hours post infection.
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Figure 21. The percentage of apoptotic cells in U937 cell line with different coculture
conditions, which treated with 2 ug/ml of blocking CD137L peptide, were harvested at
60-hours post infection. All three independent experiments were included and analyzed
the statistical significance by using Stat view program. Asterisks indicate a significant

difference among two groups (**p<0.01).

3. Conclusion and Discussion

3.1 DENV-infected monocyte potentiated apoptosis by up-regulation the

expression of surface CD137
Monocyte cells line, U937 can be infected with Dengue virus serotype 2
(DENV2) by using antibody-dependent enhancement model. Previous reports
demonstrated that the suboptimum level of antibody to help DENV2 infection to U937
cells was 200 ng of anti-E, 4G2 or 3H5 with high Multiplicity of Infection (MOI) of 10.
These condition can increase the percentage of infection from 0.1+ 0.09 up to 23+ 8
(23) at 72 hours post infection. We firstly titrated the lowest suboptimal condition of
purified 4G2 at 50 ng, that prone U937 monocyte cell line to be infected up to 70% of
infection after 24 hours post infection. This condition yielded the high infectivity and
reproduced with the same manner to study the role of DENV infection in U937
monocytic cells line. In order to characterize the CD137 signaling in DENV —mediated
apoptosis in monocytes, we firstly demonstrated the statistically significant increasing of
apoptotic cells in DENV2-infected U937 compared with non-infected cells at 48- and 60-
hours post infection. At 60 hours post infection, our finding surprisingly detected the
increasing amount of surface CD137 ligand expression with statistically significant

difference between infection and mock. Even though, the level of CD137 receptor and
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ligand mRNA, also surface CD137 receptor protein, could not reached statistically
significant but reveling the trend of Up-regulating in DENV2-infected U937 more than
mock. Overall results indicate the importance role of CD137 signaling in mediated the
apoptosis in monocyte cell line, U937, especially CD137 ligand, which can kill any cells-
bearing CD137 receptor, such as DENV2-infected HepG2 at 48-60 hours post infection.
Both these phenomenon in difference type of cells lineage might be the reason for cell-

to cell contact upon DENV-mediated apoptosis.

3.2 Blocking CD137L peptide significantly reduced the number of
apoptotic U937 cells upon DENV-infection

The interaction between CD137 receptor and its ligand plays an
importance role in apoptosis. Several reports revealed the effect of specific inhibitor,
which targets CD137 ligand to block CD137 signaling in monocyte. This CD137 ligand
blocking antibody can increase allograft survival in corneal-transplanted mice in vivo
(24). We primarily reported that only Blocking CD137L peptide statistically significant
decreased the amount of apoptotic U937 cells upon DENV infection at 36-hour post
infection in comparison with antagonist CD137L antibody and untreated groups. In order
to discriminate the infectivity with different treated cells, we obtained more than 80%
infection with different treated cells at 36 hours post infection, which indicated the
mostly same amount percentage of DENV2 infection for each experiment. According to
the stability of blocking peptide, it was no longer than 12 hours. Hence, we tried to
increase amount of peptide up to 2 ug/ml and incubated longer than 12 hours. At 48
hours post infection, we surprised that the activity of blocking CD137L peptide was still
functionable and statistically significantly reduced the number of apoptotic U937 cells
upon DENV infection compared with antagonist CD137L antibody and untreated groups.
More importantly, the percentage of apoptotic cells was quite similar to noninfected
cells. Overall results implied that the interaction between CD137 receptor and its ligand
potentiated apoptosis in DENV-infected monocytic cells line, U937. This blocking
CD137L peptide can be applied to target molecules, particularly CD137 ligand, which
decreases the apoptosis of monocytes, thereby alleviating DENV-mediated disease
severity during DENV infection. Moreover, our blocking peptide, CD137L blocking
peptide was designed as the mapping on C-terminal part of CD137 ligand ectodomain,
which interacts for its receptor. Therefore, our blocking peptide might interfere the

interaction both soluble and transmembrane CD137 ligand with CD137 receptor.
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3.3 The interaction between hepatocyte and monocyte cells lines during
DENV infection potentiated apoptosis of monocyte cells line

Bidirectional signaling determines the stage of cell upon receiving the
CD137 signaling, including proliferation, differentiation, and especially apoptosis(9).
Previous reports revealed the apoptotic induction during DENV infection in many cell
types, such as monocytes and hepatocytes, which correlated to the disease severity.
Therefore, it might be possible that CD137 signaling will trigger apoptotic event in both
cell types by interaction of CD137 receptor/CD137 ligand between hepatocytes and
monocytes upon DENV infection. However, there is no precise data for the expression
of CD137 receptor and its ligand, depending on the cell type and the stage of cells. In
order to discriminate U937 from HepG2, we found that CD14 can express little amount
on U937 but it highly expressed on surface of HepG2 up to 50%. Another CD marker,
CD45 expressed more than 80% on the surface of U937 but no expression on surface
of HepG2 cells. CD45 served as a specific CD marker for U937 to differentiate from
HepG2 cells but there was no precise specific marker for HepG2 cells. Therefore, we
can quantitate only the number of apoptotic U937 cells in this cocultured experiment.
According to time course during DENV infection, we found that both U937 and HepG2
cells demonstrated the high degree of apoptotic events at 48- and 60-hours post
infection. We revealed the statistically significant difference in amount of apoptotic U937
cells when cocultured with HepG2 cells, especially DENV-infected HepG2 cells and
noninfected U937 cells, at 60 hours post infection in comparison with noninfected
HepG2 and U937 cells. As expected, DENV-infected HepG2 and -U937 cells had
shown the high number of apoptotic cells containing U937 cells with statistically
significant difference in the same manner. It might be possible that DENV-infected
hepatocyte cells line can induce the expression of CD137 Receptor on monocyte,
leading to apoptosis of monocyte cells line. The future study will examine the
expression of inducible CD137 Receptor on the surface of monocyte cells line during

DENYV infection with cocultured conditions.

3.4 Blocking CD137L peptide significantly minimized the amount of
apoptotic U937 cells when cocultured with DENV-infected HepG2 cells

According to our previous results, we selected the time course of
infection at 60 hours post infection because our cocultured experiment demonstrated the
significant increasing amount of apoptotic U937 cells when compared to others.

Moreover, our previous reports revealed the expression of surface CD137 both ligand
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and receptor on these cells as well as the induction of apoptosis event. We firstly
demonstrated the effect of blocking CD137L peptide at 2 ug/ml for reduction of
apoptotic U937 cells when cocultured with DENV-infected HepG2 cells at 60 hours post
infection. Overall results implied the important role of CD137 ligand expression on both
monocytic cells and hepatocytic cells for triggering apoptotic events either monocyte or
hepatocytes or both for bidirectional signaling. Future study, we appreciate to ascertain
the specific surface marker in HepG2 cells line and test further by using either blocking
peptide or antagonist antibody to diminish apoptotic HepG2 cell, leading to alleviate the

tissue injury or disease severity upon DENV infection.

In summary, DENV-infected monocytic cells line, U937, resulted in the
augmentation of cellular apoptosis by upregulation of both mRNA and surface protein
expression for CD137 receptor and its ligand. Cocultured experiment between HepG2
and U937 during DENV infection demonstrated the importance role of interaction
between CD137 receptor and its ligand to trigger the apoptosis in U937 cells line.
Blocking CD137 ligand peptide diminished the apoptotic events in DENV-infected U937
cells line and also reduced the number of apoptotic U937 cells when cocultured with
DENV-infected HepG2 cells. These phenomena indicated the crucial role of CD137

receptor and ligand interaction to control cellular apoptosis and severity of disease.
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