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Abstract
Background: Apoptosis is a form of natural or stress induced cell death that plays a pivotal role in many cellular 

processes. Virus induced apoptosis is of significant importance since many viruses/viral proteins have been reported 
to induce apoptosis in different cell types. The present study was carried out to identify genes and pathways to explain 
the mechanisms involved in Canine Distemper Virus (CDV) induced apoptosis.

Method: For this, HEK-293 cells were infected with CDV-SH, a Snyder Hill strain of canine distemper virus, at 
different time points. Viability and apoptotic studies were performed using MTT and DNA laddering assays, respectively. 
qPCR arrays were custom designed to study the expression profile of 43 apoptotic genes in HEK-293 cells after 6, 12, 
24 and 48hrs of CDV infection.

Results: MTT results showed 100%, 84.78%, 79.21% & 76.95% cell viability after 6, 12, 24 and 48hrs after 
infection. DNA laddering showed a faint laddering pattern at 24hr and 48hr post CDV infection which indicated small 
amounts of DNA fragmentation. Expression studies revealed increased expression of nineteen genes and down 
regulation of three genes in all the groups. Ingenuity Pathway Analysis (IPA) showed activation of ‘Apoptosis’ pathway 
along with significant upstream and downstream regulators in CDV infected HEK-293 cells.

Conclusion: Our study demonstrates that apoptosis could be detected in HEK-293 cell lines, as revealed by 
DNA laddering 24hrs post CDV infection. qPCR & IPA analysis revealed upregulation of caspase-8, caspase-9 and 
caspase-3 which showed the involvement of both extrinsic and intrinsic pathways of apoptosis in HEK-293 cells 
following CDV infection.
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Introduction
Apoptosis is a regulated form of cell death which occurs during 

physiological conditions. It plays a critical role in the homeostasis 
of multicellular organisms, and constitutes a common pathway 
for cell replacement, tissue remodeling, damaged cell removal and 
elimination of cancer cells. Cells undergoing apoptosis present 
typical morphological characteristics, including membrane blebbing, 
chromatin condensation, cell shrinkage and apoptotic body formation. 
Apoptosis is triggered by sequential activation of caspases, a group of 
cysteine proteases, and proceeds primarily through two pathways. The 
extrinsic pathway involves activation of caspase-8 and is initiated by 
ligand interaction with death receptors, while the intrinsic pathway 
is activated by an imbalance between proapoptotic and antiapoptotic 
proteins from Bcl-2 family in mitochondria. Many viral proteins can 
influence the cellular pathways that control cell proliferation and 
apoptosis. Some viral proteins trigger apoptotic cell death, and this may 
be important in host defense and viral spread. Many viruses have been 
identified to induce apoptosis in different cell types such as Newcastle 
Disease Virus (NDV), Measles Virus (MV), Influenza Virus, Herpes 
Simplex Virus, Vaccinia Virus [1].

Canine Distemper Virus (CDV) is an enveloped virus with a single 
stranded RNA genome belonging to the family Paramyxoviridae. The 
genome encodes eight proteins, two of which (V and C) are non-
structural proteins and are alternatively translated from the RNA and 
six structural proteins (large protein, nucleoprotein, haemagglutinin 
protein, fusion protein and matrix protein). It causes generalized 
infection with prominent respiratory, gastrointestinal and nervous 
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signs and symptoms such as fever, cough, coryza and conjunctivitis. 
It has been observed that CDV infection induces apoptosis of different 
cell types such as Vero and Hela, characterized by changes in cellular 
morphology and biochemical features, including DNA fragmentation, 
cytoplasm vacuolation, plasma membrane blebbing, and apoptotic 
body formation.

It has also been reported that CDV induces apoptosis in cerebellum 
and lymphoid tissue of the infected dogs, and also in Vero cells. Many 
authors have demonstrated that CDV causes apoptosis in different 
cell types by evaluating the expression of the caspases such as only or 
few apoptotic proteins and concluding that CDV induced apoptosis is 
caused by either extrinsic or intrinsic pathway. However, apart from 
the classical pathways of apoptosis, many other pathways including 
different apoptotic genes/proteins have also been recently reported 
such as MAVS-MKK7-JNK2 pathway, ER stress induced pathway, 
RIG-1/MAVS pathway. Moreover, in order to deduce a potential 
canonical pathway for apoptosis in cell types induced by viruses, a 
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detailed study of majority of the apoptotic proteins need to be done. To 
our knowledge, this is the first report of apoptosis by canine distemper 
virus in HEK-293 cell line. The aim of this study was to elucidate the 
detailed mechanism, gene(s)/protein(s) and pathways involved in 
CDV induced apoptosis in the HEK- 293 cells [2].

Materials and Methods
Culture of Cell lines and Infection with Canine Distemper 
Virus (CDV)

HEK-293 cells present in the laboratory were grown in DMEM 
media (Himedia) supplemented with 10% FBS, 2X Antibiotic-
Antimyotic solution (Himedia) kept at 37°C with 5% CO2. HEK- 293 
cells at 60-70% confluence were infected with CDV (Snyder Hill strain) 
passage-2 (ATCC, USA). After 4-5 days post infection, the cells were 
visualized for any observable cytopathic effects and were harvested. 
The harvested culture was used for confirmation of CDV growth by 
Reverse Transcriptase-PCR using diagnostic primers designed in the 
lab against the L-gene of CDV.

Cell Viability Assessment

The cell viability/survival percentage assay was performed using 
MTT assay. HEK-293 cells were grown in 96-well cell culture plates in 
5 replicates and were infected with CDV-SH at specific hourly intervals 
(6, 12, 24 & 48 hrs) along with non-infected controls and plain media as 
blank. After the specific time interval of CDV infection (i.e. 6, 12, 24 & 
48 hrs), 20 µl of yellow MTT (5 mg/ml in PBS) was added to each well 
including control and blank, wrapped in aluminium foil and kept in 
incubator at 37°C for 4 hrs. After 4 hrs, media with MTT was removed 
from the cells; 200 µl of acidic isopropanol (containing 0.04 N HCl) was 
added to wells including controls and pipetted up and down to mix the 
purple formazon cyrstals. The plate was kept at 37°C for 10 min. The 
absorbance was measured at 540 nm wavelength using 630 nm as the 
reference wavelength in BioTek microplate reader.

DNA Fragmentation Assay (DNA laddering)

HEK-293 cells were grown in 6-well cell culture plates and upon 
reaching 60-70% confluence, the cells were infected with CDV-SH p-2 
at different time intervals (6, 12, 24 & 48 hrs) keeping one well as non-
infected control. After the specific time interval, the cells were harvested 
by pipetting at 1500 rpm for 10 mins in swinging bucket rotor at room 
temperature. The cells were washed twice with 1x PBS and tail lysis 
buffer (IM Tris-HCl, 500mM EDTA, 10% SDS, 5M NaCl) along with 
Proteinase K was added and incubated overnight at 56°C. Aqueous 
phase was separated using Phenol: Chloroform: Isoamyl Alcohol (PCI) 
with 3M sodium acetate by centrifugation at 10000 rpm for 10 min 
at 4°C. The aqueous phase was collected and 500ul of chloroform was 
added. The suspension was centrifuged at 10000 rpm for 10 min at 4°C. 
DNA was precipitated with 500 ul of Isopropanol by keeping overnight 
at -20°C. DNA pellets obtained were washed with 70% ethanol and air-
dried and dissolved in 50 ul of TE buffer (1M Tris-HCL, 0.5M EDTA). 
The DNA was run on a 1.5% agarose gel at 50V for 2-3 hours. DNA 
ladders were visualized under UV transilluminator [3].

Real time RT-PCR Array

For studying expression of apoptotic genes upregulated or 
downregulated in HEK-293 cells following CDV infection, a qPCR 
array (Qiagen) [48 x 2 format] was designed with the list of cellular 
genes (43 in number plus 5 controls = 48 in total) as in Table 1. Roughly 
HEK-293 cells were grown in 2 wells of five 6-well culture plates and 
upon reaching 70-80% confluence, the growth media was removed and 

a gentle washing was given using DMEM maintenance media. The cells 
were infected using CDV-SH (p-2, 100 ul) in duplicate wells in each 
plate according to the hourly interval (6, 12, 24 & 48 hrs) while keeping 
non-infected controls. RNA was isolated from the harvested cultures 
after appropriate time intervals using RNeasy Mini kit (Qiagen). 
RNA quality was checked and quantified using Nanodrop (Thermo 
Scientific). RNA corresponding to 1 µg (for each sample) was used to 
synthesis cDNA using RT2 First Strand Kit (Qiagen) by following the 
manufacturer’s protocol. Real time PCR was carried out according to 
manufacturer’s recommendations and following the MIQE guidelines 
in a total volume of 25 µl dispensed into each well of the 96-well array 
format (1350 µl of 2x RT2 S*YBR Green Mastermix, 102 µl of cDNA 
synthesis reaction and 1248 µl of RNase-free water). Reactions were run 
on a Step One Plus (Applied Biosystems, ABI) using standard thermal 
cycling parameters (95°C for 10min, 40 cycles of 15 s at 95°C, 1 min at 
60°C to perform fluorescence data collection and continued melting 
curve analysis). The results were exported using the ABI software and 
the results in the form of Ct values were organised in Microsoft Excel 
for further analysis [4].

96-Well Custom PCR Array Template
# Gene Symbol Gene RefSeq #
1 Fas NM_000043
2 FasLG NM_000639
3 FADD NM_003824
4 Bid NM_001196
5 Bax NM_004324
6 Bak1 NM_001188
7 Bad NM_004322
8 Bcl-2 NM_000633
9 Cytochrome C (CYC1) NM_018947
10 APAF1 NM_001160
11 PARP1 NM_001618
12 MAVS NM_020746
13 Caspase-8 (CASP8) NM_001228
14 Caspase-9 (CASP9) NM_001229
15 Caspase-3 (CASP3) NM_004346
16 JNK1 (MAPK8) NM_002750
17 JNK2 (MAPK9) NM_002752
18 MKK7 (MAP2K7) NM_145185
19 PI3k (PIK3CA) NM_006218
20 mTOR NM_004958
21 IFN-a (IFNa1) NM_024013
22 IFN-b (IFNb1) NM_002176
23 RIG-1 (RARRES3) NM_004585
24 IRF-3 NM_001571
25 PTEN NM_000314
26 AKT1 NM_005163
27 TRAIL (TNFSF10) NM_003810
28 Smac (DIABLO) NM_019887
29 TNFa NM_000594
30 VDAC1 NM_003374
31 TRAF2 NM_021138
32 Noxa (PMAIP1) NM_021127
33 Puma (BBC3) NM_014417
34 Calnexin (CANX) NM_001746
35 Calreticulin (CALR) NM_004343
36 CHOP (DDIT3) NM_004083
37 Calpain (CAPNS2) NM_032330
38 ATF6 NM_007348

Table 1: List of genes for apoptotic study in HCT-15 cells following CDV infection.
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Results
Culture of HEK-293 cells and infection with CDV

HEK-293 cells available in the laboratory was grown in 25cc flasks 
using DMEM media supplemented with 5% FBS. At 60-70% confluence, 
the cells were infected with 100ul of CDV-SH, observed for 4-5 days 
and were harvested at 7 days’ post infection. Morphological changes in 
cells such as aggregation and degeneration could be observed without 
any characteristic CPE (Figure 1). Diagnostic RT-PCR could detect 
CDV growth in all passages which as observed by an amplicon size of 
267 bp in agarose gel electrophoresis (Figure 2).

MTT Assay

MTT assay was carried out in HEK-293 cells at 6, 12, 24, 48 hrs 
post CDV-SH infection. MTT assay showed 100%, 84.78%, 79.21% & 
76.95% of cell viability in HEK-293 cells at 6, 12, 24 and 48 hrs post 
CDV infection respectively (Figure 3). Zhau reported decline of ovarian 
cancer cells survival following infection with live-attenuated measles 
vaccine virus in both time and dose dependent manner. The Measles 
virus vaccine resulted in 2.7%, 4.3% and 17.6% cell death at 12, 24 and 
48 hrs post infection respectively in SKOV-3 cells by MTT assay.

DNA Laddering Assay

DNA isolated from CDV infected HEK-293 cells at 6, 12, 24 and 
48 hrs post infection was electrophoresed in agarose gel at low voltage 
and a laddering pattern of DNA was observed. DNA laddering in HEK-
293 cells showed a faint laddering pattern at 24 & 48 hrs post CDV 
infection indicated small amounts of DNA fragmentation [5].

Gene expression studies following CDV infection in HEK-
293 cells using qPCR array

A panel of 48 genes associated with different apoptotic pathways 
listed in Table 1, were selected to study their expression profile 
following CDV infection in HCT-15 cells. Briefly, we assayed the 
expression of genes from the extrinsic pathway (5), genes related to the 
intrinsic pathway (10), genes from the MAVS-MKK7-JNK2 pathway 
(4), genes from RIG-1/MAVS pathway (4), execution pathway genes 
(3), genes from ER stress induced apoptosis pathway genes (4) and 
genes from PTEN induced pathway (2). The list of selected genes was 
sent to Qiagen for custom designing of the qPCR arrays. For apoptotic 
gene expression studies, HEK- 293 cells infected with CDV-SH were 
harvested at different time intervals (6, 12, 24 & 48 hrs). RNA was 
extracted and cDNA was prepared. A diagnostic RT-PCR was first 
carried out to detect CDV growth in the harvested samples which 
showed a 267 bp amplicon in agarose gel electrophoresis confirming 
the virus growth. Then the cDNAs synthesized from different samples 
were used to perform the qPCR array to study the apoptotic gene 
expression profile. The qPCR was performed in duplicates for each 
target gene and the mean Ct values obtained were recorded for analysis 
of the test samples (infection intervals) against the control sample (non-
infected cells). The hourly infection intervals (6, 12, 24 & 48 hrs) were 
named into groups (group 1, 2, 3 & 4), respectively. The qPCR data 
was checked for quality control to check the PCR array reproducibility 
which shows that if the average PPC (PCR positive control) Ct is 20 
± 2 and no two arrays have average PPC Ct that are > 2 away from 
one another then the sample and group pass. Data normalization was 
done by manually selecting the housekeeping gene, and selecting the 
use of geometric or arithmetic mean by considering only genes with 
small changes in expression across different sample groups (differences 
in CT values less than 1). Fold change was calculated for relative 
quantification by comparing non- infected controls with infected 
samples of different time intervals. Fold-change values greater than one 
indicates a positive or an up-regulation and the fold-regulation is equal 
to the fold-change. Fold-change values less than one indicate a negative 

  
 

(a) (b) 
 

Figure 1: (a) Hek-293 cells in culture 24hr post CDV infection (b) CDV infected 
Hek-293 cells at 5 days post infection.

Figure 2: RT-PCR detection of CDV growth in HEK-293 cell line at different 
passages. (Lane 1: Passage 1, Lane 2: Passage 2, Lane 3: Positive Control, Lane 
4: No template control (NTC), Lane 5: 100bp plus marker).

 

Figure 3: MTT assay for detection of cell viability in HEK-293 cell viability following 
CDV infection (6, 12, 24 and 48 hrs post infection).
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or down-regulation, and the fold- regulation is the negative inverse of 
the fold-change [6].

The p values were calculated based on a student’s t-test of the 
replicate 2 ^ (-Delta CT) values for each gene in the control group and 
treatment groups. The fold change (cut off set to 2) was calculated for 
the upregulated and downregulated genes against the control (non-
infected sample). The gene expression data was used to generate scatter 
plots of each group as compared to the control group (non-infected 
group). The scatter plot compares the normalized expression of every 
gene on the array between the two selected groups by plotting them 
against one another to quickly visualize large gene expression changes. 
The central line indicates unchanged gene expression. The dotted lines 
indicate the selected fold regulation threshold. Data points beyond the 
dotted lines in the upper left and lower right sections meet the selected 
fold regulation threshold [7].

The expression data was used to generate a heat map with cluster 
analysis of CDV infected HEK-293 cells. The clustergram in shows the 
qPCR array gene expression profile of CDV infected HEK-293 cells 
which shows group clustering analysis of differentially expressed genes 
identified in control versus CDV infected HEK-293 cells at specific time 
intervals (6, 12, 24 & 48 hrs). Table 2 shows the list of overexpressed 
genes in different groups and Table 3 shows the list of under expressed 
genes in the different groups.

Expression profile

The expression analysis of CDV infected HEK-293 cells at 6, 12, 24 
and 48 hr post infection as compared with the non-infected controls, 
showed different genes that were overexpressed or under-expressed. In 
group 1 (6 hr PI), 2 genes (TRAIL & TNF α) were overexpressed and 
no genes were under-expressed. In group 2 (12 hr PI, 2 genes (TNFα 

& TRAIL) were overexpressed and 3 genes (Calreticulin, Caspase-8 & 
Smac) were under-expressed. In group 3 (24 hr PI), 9 genes (IFN- β, 
TRAIL, TNF α, IRF-3, Foxo3a, Bak1, Puma, p53 & cytochrome C) were 
overexpressed and no genes were under-expressed. In group 4 (48 hr 
PI) vs. control group, 19 genes (TRAIL, CHOP, IFN-α, RIG-1, TNF 
α, Noxa, Caspase-9, Caspase-3, Puma, Fas, Calreticulin, PERK, IRE1, 
JNK1, IRF-3, IFN-β, Calnexin, FasLG & Bad) were overexpressed and 
no genes were under-expressed [8, 9].

Analysis of CDV infected HEK-293 cells using IPA

To investigate the possible biological interactions of the differently 
expressed genes upon CDV infection of HEK-293 cells, all the datasets 
as described in with expression fold change values obtained from the 
qPCR array analysis studies were imported into the IPA tool. The list of 
differentially expressed genes analyzed by IPA revealed 12 significant 
networks and among them the top three networks identified by IPA 
were Death receptor signaling; Apoptotic signaling and Induction of 
apoptosis by HIV-1 comprising of 29 focused molecules and significance 
score of 27. Further, the IPA analysis also shows groups of differently 
expressed genes into biological mechanisms that are related to Cell 
Death and Survival 2.45E-04, Cellular Function and Maintenance 
2.45 E-04, Cell Morphology 1.17 E-04 and Cellular Compromise 1.75 
E-04. IPA also revealed in CDV infected HCT-15 cells the important 
upstream regulators are TP 53, Cisplatin & POU5F1. Since there 
were 4 groups (infection intervals) the data set was analyzed for each 
individual group compared to the control group in IPA. In group 1 
(6 hr PI) fold change, the most important canonical pathway that was 
found was of the apoptotic signaling (p-value -6.27E-27) with a z-score 
of 3 and a ratio of 0.232 consisting of sixteen upregulated molecules. A 
graphical representation of the pathway with the molecules involved in 
apoptotic signaling was generated by IPA where (TNF/FasL, TNFR/Fas, 

S.No. GROUP 1 (6hr) GROUP 2 (12hr) GROUP 3 (24 hr) GROUP 4 (48 hr)
1 TRAIL (TNFSF10) TNF α IFN-β (IFNb1) TRAIL (TNFSF10)
2 TNF α TRAIL (TNFSF10) TRAIL (TNFSF10) CHOP
3 TNF α IFN-α (IFN-a1)
4 IRF-3 RIG-1 (RARRES3)
5 Foxo3a TNF α
6 Bak1 Noxa (PMAIP1)
7 Puma Caspase-9
8 p53 Caspase-3
9 Cytochrome C

(CYC1)
Puma

10 Fas
11 Calreticulin

(CALR)
12 PERK (EIF2AK3)
13 IRE1 (ERN1)
14 JNK1 (MAPK8)
15 IRF-3
16 IFN-β (IFNb1)
17 Calnexin (CANX)
18 FasLG
19 Bad

Table 2: Genes overexpressed in CDV infected HEK-293 cells compared with non- infected control cells.

S.No. GROUP 1
(6 hrs)

GROUP 2 (12 hrs) GROUP 3 (24 hrs) GROUP 4 (48 hrs)

1 - Calreticulin (CALR) - -
2 - Caspase-8 - -
3 - Smac - -

Table 3: Genes under expressed in CDV infected HEK-293 cells compared with non-infected control cells.
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Caspase 8, Bid, tBid, p53, JNK1, Bak, Bcl-2, Bad, Diablo, Cytochrome 
C, Caspase 9, Caspase 3, CAD, PARP) no. of genes were involved in 
sequential activation of each downstream molecule leading to caspase 
activation. In group 2 (12 hr PI) fold change, the apoptotic signaling 
was found to be significant (p-value -3.74E-15) with a z- score of 1.667 
and a ratio of 0.13 consisting of nine upregulated molecules. IPA 
generated a graphical representation of the pathway with the molecules 
involved in apoptotic signaling in the group 2 (12 hr pi) cells where 
(TNF/FasL, TNFR/Fas, p53, Bak, Bcl-2, Caspase 9, Caspase 3, PARP) 
no. of genes were found to be upregulated and directly participated in 
the process of apoptosis. In group 3 (24hr PI) fold change, the apoptotic 
signaling was found to be significant (p-value- 1.69E-25) with a z-score 
of 3.5 and a ratio of 0.232 consisting of sixteen upregulated molecules. 
IPA showed a graphical representation of the molecules involved in 
apoptotic signaling pathway where (TNF/FasL, TNFR/Fas, Caspase 
8, MKK4/7, JNK1, Bak, Bcl-2, Bad, Bax, Cytochrome C, Caspase 9, 
Caspase 3, CAD) no. of genes were found upregulated and interacted 
in a sequential manner leading to activation of downstream caspases. 
In group 4 (48hr PI) fold change, the significant canonical pathway 
was the apoptotic signaling (p-value -7.18E-30) with a z-score of 3.3 
and a ratio of 0.261 consisting of eighteen upregulated molecules. A 
graphical representation of the pathway with the molecules involved in 
apoptotic signaling was generated by IPA where (TNF/FasL, TNFR/Fas, 
Caspase 8, Bid, tBid, p53, JNK1, Bak, Bcl-2, Bax, Diablo, Cytochrome 
C, Caspase 9, Caspase 3, PARP) no. of genes were found to be 
upregulated and influenced the subsequent molecules for execution of 
apoptosis. Further, the upstream regulator analysis showed that TP53, 
POU5F1, Cisplatin, Foxo3a are the important upstream regulator 
in all the groups with the possible targets and prediction activation 
states as shown by evidence for effects. The analysis of possible genes 
also revealed many downstream effects which correlate with diseases 
or functions that are induced upon CDV infection of Hek-293 cells. 
The IPA showed the expression pattern of apoptotic genes similar to 
that of predicted activation states of up to nine ‘diseases and function 
annotation’ like “Apoptosis; Cell death; Apoptosis of tumor cell lines; 
Cell death of tumor cell lines; Necrosis; Cell death of carcinoma cell 
lines and Degradation of DNA” with a higher p-value and a z-score in 
the CDV infected HEK-293 cells. Further, in group 1 the downstream 
effects analysis showed that 23 out of 27 genes have the measurement 
direction consistent with the increase in "Apoptosis". In group 2, the 
downstream effects analysis showed that 13 out of 16 genes have the 
measurement direction consistent with the increase in "Apoptosis". 
In group 3, the downstream effects analysis showed that 26 out of 30 
genes have the measurement direction consistent with the increase in 
"Apoptosis". In group 4, the downstream effects analysis showed that 
27 out of 29 genes have the measurement direction consistent with the 
increase in "Apoptosis". As described by IPA, the most highly rated 
network as shown is the “Apoptosis of Embryonic cell lines” with 
different genes that are predicted to increase and regulate the process 
of apoptosis [10-12].

Discussion
Prediction of apoptotic pathway activated upon CDV 
infection of HEK-293 cells 

According to the list of overexpressed genes, in group 1 & 2 the 
expression of TNFα & TRAIL was seen to be upregulated. TNFα is a 
pro-inflammatory cytokine that is involved in plays a role in immune 
modulation, inflammation, viral replication. TNFα binds to cellular 
receptors such as TNFR1 and TNFR2 leading to conformational 
changes and binding to downstream death domains and activating 
death signaling. TNF-Related Apoptosis Inducing Ligand (TRAIL) 

is a trans membrane protein that belongs to the TNF family and is 
involved in the induction of apoptosis. TRAIL binds to receptors DR4 
and DR5 which leads to its trimerization and clustering of the receptors 
intracellular domain which further activates the Death Inducing 
Signaling Complex (DISC). The trimerization causes its binding to the 
adapter molecule Fas Associated Death Domain (FADD) which leads 
to activation of caspase-8. Caspase-8 activation then cleaves caspase-3 
which further initiates the cleavage of death substrates leading to cell 
death. Newcastle Disease Virus (NDV) infection causes an upregulation 
of TNF-α & TRAIL which induces the extrinsic apoptosis. Respiratory 
Syncytial Virus (RSV) causes a strong upregulation of TRAIL-R1, 
TRAIL-R2 & TRAIL in HepG2 cells which resulted in a susceptibility to 
TRAIL induced apoptosis. In group 3, in addition to TNFα and TRAIL, 
IFN-β was upregulated which is a signaling protein and acts as anti-
viral agents released or stimulated upon viral infection. The type IFNs 
including IFN-α & IFN-β are directly upregulated upon virus infection 
for e.g. influenza virus. Next, in our study the expression of Interferon 
Regulatory Factor (IRF-3) & Foxo3a was seen to be upregulated. IRFs 
are transcriptional regulators of IFNs and IFN inducible genes and 
also play a pivotal role in the regulation of immune responses. IRFs are 
induced upon virus infection and lead to the induction of IFNs, which 
act to inhibit the virus replication inside the cell. Besides its antiviral 
role, IRF-3 has been seen to induce apoptosis by the RLR induced 
pathway involving intracellular viral protein sensors RIG-1 & MDA5. 
Foxo proteins are forkhead family of transcription factors and Foxo3a 
protein functions as a tumor suppressor and a trigger for apoptosis via 
the upregulation of cell death associated genes such as Puma and Bim 
or the downregulation of anti-apoptotic proteins such as FLIP. The 
expression of Bak1, Puma, p53 & Cytochrome C was also upregulated in 
group 3 (24 hrs). Bak1 is a pro-apoptotic protein, which is an apoptosis 
regulator and is localized to the Mitochondrial Outer Membrane 
(MOM) and functions to induce the opening of Voltage Dependent 
Anion Channel (VDAC), leading to the release of Cytochrome C from 
the mitochondria. Foli observed the upregulation of Bak1, Bik & Bad in 
HIV infected patients. Puma (p53 upregulated modulator of apoptosis) 
is a pro-apoptotic protein whose expression is regulated by the tumor 
suppressor p53 gene. Puma is believed to interact with anti-apoptotic 
proteins Bcl-2 or Bcl-xl thus, stopping their interaction with Bax and 
Bak which then signals apoptosis to the mitochondria. Cytochrome C 
is a hemeprotein that is found associated to the inner membrane of the 
mitochondria and is involved in the initiation of apoptosis, where upon 
release into the cytoplasm, it binds to APAF1, further initiating the 
process of apoptosis by activation of caspases. In group 4, upregulation 
of 19 genes were observed which included most of the genes upregulated 
in group 3 and additionally, 4 proteins associated with endoplasmic 
reticulum stress induced proteins namely Calnexin, Calreticulin, Perk 
& IRE1 showed overexpression. Calnexin and Calreticulin function as 
molecular chaperons and help in folding and assembly of glycoproteins 
that pass through the endoplasmic reticulum. Protein Kinase R 
(PKR)-like Endoplasmic Reticulum Kinase (PERK) is located in the 
endoplasmic reticulum and functions to phosphorylate EIF2 which 
inactivates it leading to a stop in the general translation machinery 
of the cell. Inositol-Requiring Enzyme 1 (IRE1) has both kinase and 
endoribonuclease activity and is involved in endoplasmic reticulum 
stress induced mainly the Unfolded Protein Response (UPR). Group 
4 also showed overexpression of caspase-9 and caspase-3, both belong 
to the family of caspases, which are cysteine-aspartate proteases which 
are involved in apoptosis induction. Apoptosis causes the release of 
cytochrome c from mitochondria and activation   of apaf-1 (forming 
the apoptosome) which then cleaves the pro-enzyme of caspase-9 
into the active dimer form. Caspase-3 is an executioner caspase which 
is cleaved by initiator caspases 8 or 9, which activates it leading to 
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chromatin condensation and DNA fragmentation [13].

 As observed by the gene expression analysis by qPCR array and 
Ingenuity Pathway database, it was found that in the group 1 (6 hrs 
PI), TNF α overexpression was observed which acts as a ligand for 
binding to the death receptor TNFR1. Downstream of the death 
receptor activation, activation of caspase-8 was observed which is an 
initiator caspase involved in extrinsic pathway. Upon ligand binding to 
death receptors, an adapter molecule FADD is recruited which binds 
to inactive caspase-8 thus forming a complex called Death Inducing 
Signaling Complex (DISC). The activated caspase further cleaves 
downstream caspases or associates in the cleavage of proapoptotic 
protein Bid, thus forming a cross-link with the intrinsic pathway 
of apoptosis. It was observed that in CDV infected HEK-293 cells, 
caspase- 8 led to the cleavage of Bid into tBid which further moves to 
the mitochondria leading to activation of Bcl-2 proapoptotic proteins. 
Bid, a BH3 only pro-apoptotic protein was found to be upregulated 
with the activation of tBid. It is known that following the death 
receptor pathway Bid is cleaved by caspase-8, this cleavage results 
in the formation of a truncated protein tBid. It is further suggested 
that tBid is capable of activating Mitochondrial Outer Membrane 
Permeabilization (MOMP) as a result of the imbalance in the pro and 
anti-apoptotic proteins that enables it to occur. Next, Bak activation 
was proposed in the pathway, which is Bcl-2 pro-apoptotic protein 
which localizes to the mitochondria and functions to induce apoptosis. 
The Bcl-2 proteins are a crucial checkpoint in the apoptosis at the 
mitochondria. During apoptosis, the BH3s such as tBid activate Bak 
and Bax, thus inducing cytochrome C release and finally leading to 
caspase activation. Further in the pathway analysis, the expression 
of Bax and Diablo was upregulated downstream of tBid and Bak. 
Upon apoptotic stimuli, it is believed that Bax and Bak get activated 
upon upstream signals and get oligomerized at the Mitochondrial 
Outer Membrane (MOM) and causes its permeabilization, leading to 
initiation of downstream apoptotic cascades. Thus, Bax and Bak work 
at appropriate levels to facilitate the release of cytochrome C and Smac/
Diablo into the inter membrane space. Direct IAP Binding Protein 
with Low Isoelectric Point (Diablo) release from the mitochondria 
has been shown to repress the inhibitor of apoptosis proteins and 
further activates caspase-9. As the pathway progressed the activation 
of Bad, Bcl-2 associated death promoter, which induces apoptosis 
by inhibiting anti-apoptotic proteins Bcl-2 & Bcl-xl. The expression 
of Bax, Diablo and cytochrome C was seen to be upregulated which 
describes the permeabilization of mitochondria with the release of 
Diablo. Cytochrome C is a heme protein which is associated with the 
inner membrane of mitochondria, which is involved in the initiation 
of apoptosis by its release from the mitochondria upon mitochondrial 
membrane permeabilization or sensing due to increase in intracellular 
calcium efflux. With the over- expression of proapoptotic proteins 
Bax, Bad & Bak, and the release of Diablo and cytochrome C from the 
mitochondria, there was upregulation of Apoptotic Protease Activating 
Factor (APAF1) which serves as a key molecule in the intrinsic 
apoptosis, which is known to oligomerize upon Cytochrome C release 
from the mitochondria resulting in the formation of a complex called 
the apoptosome. In this study, Downstream to APAF1 activation, 
activation of caspase-9 and caspase-3 was observed in CDV infected 
HEK-293 cells. It is known that activated APAF1 binds to the procaspase 
9 to form the apoptosome complex through monomer interactions, 
which leads to the dimerization and formation of catalytically active 
caspase 9. Active caspase 9 leads to the cleavage and activation of the 
executioner caspases 3, 6 & 7 resulting in chromatin condensation, 
DNA fragmentation, cell shrinkage and finally apoptosis. IPA revealed 
the upregulation of major apoptotic proteins (Bak1, Bid, FasLG, 

MAP2K7, MAPK8, p53, Bcl-2, Cytochrome C, TNF, Bax, Diablo, Bad, 
APAF1, Caspase-8, Caspase-3, Caspase-9, PARP1) from both extrinsic 
and intrinsic pathway of apoptosis along with important upstream 
regulator and downstream regulators. As in this study, upregulation of 
caspase 8, 9 and 3 could detected which play major roles in the classical 
xtrinsic and intrinsic apoptotic pathways. Therefore, it is hypothesized 
that CDV induced apoptosis in HEK-293 cells occurs by both intrinsic 
and extrinsic pathways of apoptosis [14, 15].
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