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ABSTRACT
Adenoviruses cause different types of human infections including, respiratory,
conjunctivitis and gastrointestinal tract infection. Despite it causes infections in both
immunocompetent and immunocompromised patients, it represents a real threat for
the latter group which makes it necessary to detect the infection, reasons underlying
reactivation and hence the appropriate treatment. The antineoplastic therapies such as
etoposide could be a compromising agent that facilitates the spread of opportunistic
infections such as adenovirus. The study aimed to assess adenovirus copy number/cell
before and after etoposide treatment. The results showed that the etoposide treatment
upregulated the replication of the virus to more than 2 fold as compared to the
untreated samples. The results revealed that the etoposide has the ability to reactivate
the virus when it starts to be latent.

INTRODUCTION
More than 50 adenovirus serotypes were identified with various types of
human diseases such as respiratory tract infection, conjunctivitis, liver and
gastrointestinal tract infection. . The virus infects both immunocompetent and
immunocompromised patients (1)
Adenovirus type 5 can infect monocyte hybridoma cell line but to a lower
extranet as compared to HeLa cells and the virus genome amplification was detected
2 days post infection. The culture survived the infection for one year with a
200copy/cell average (2).
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Widespread adenovirus infection confirmed in viremia and respiratory
samples from cancer patients using qPCR and the copy number of the virus genome
was assessed. The virus resulted in 75% of the infected adults and this suggests that
adenovirus could be a cause for death of immunocompromised patients (3).
In a case study, an under chemotherapy treated adult with leukemia, the
patient developed bacteria chest infection which was cured and then followed by
adenovirus pneumonia at 92 million adenovirus copy/ cell. The antiviral treatment
failed to cure the infection since the patient died with 20 million copy of adenovirus/
ml (4). Adenovirus hepatitis caused a death for 3 and a child with acute lymphoblastic
leukemia under chemotherapy when the antiviral failed in curing the infection (5).
Other fatal conditions were reported after Almetuzumab immunotherapy for
hematological malignancies adenovirus, enterovirus and Epstein Barr virus (6).
Un explained fever with Almetuzumab immunotherapy for acute lymphocytic
leukemia might be due to a fatal activated adenovirus infection (7). In a
Neuroblastoma cell line, treating cells with etoposide anti-cancer treatment induces
the cellular DNA damage which is accompanied with inducing HSV-1 promoter and
gene expression (8).Etopophos or etoposide phospahate and chemically is 4'Demethyl-epipodophyllo-toxin 9-[4,6-O-(R)-ethylidene-β-D-glucopyranosideis is an
antineoplastic material encouraged the reactivation of viruses such as HSV, the
analysis investigated the effect of etoposide treatment on copy number of adenovirus
type 5 in MOLT4 cell line .

MATERIALS AND METHODS
T- lymphoblast human cell line (MOLT4) was maintained at 37 ̊C, 5% CO2 in
10% FCS- Dulbecco’s Modified Eagle Medium DMEM. The cells were seeded 24
hours before infecting with human adenovirus type 5 . The cells were challenged
with the virus at moi of 5 and left for 2 days before equivalent cultures were treated
with 12.5 or 25 µM of Etoposide dissolved in DMSO and samples were harvested at
3 days post infection from treated or untreated samples to analyze the adenovirus
copy number at both treated or untreated cultures before and after the treatment.
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Absolute copy number assay
DNA isolation
DNA was purified by Sigma-Aldrich GenEluteTM extraction kit according the
company’s protocol and DNA yield was either directly used or stored at -20 ̊C. The
virus copy number was quantified by qPCR assay using specific primers for each
target gene, adenovirus or GAPDH (9).
Real Time Quantitative Polymerase Chain reaction
For DNA copy number analysis, 5ng of total DNA was used per reaction for
Ad5 and GAPDH plasmids, respectively and qPCR experiments were conducted
using Stratagene MX3005P light cycler (Agilent Technologies) using the following
cycling conditions: 95 ̊C for 3 mins, followed by 40 cycles of 1 min at 95 ̊C, 30 sec at
55 ̊C and 30 sec at 95 ̊C. The CTs was automatically determined by the machine
software. Adenovirus DNA copy number was quantified from standard curves of viral
genome and GAPDH plasmids.
Table-1 qPCR primers

E1A

Forward primers
5’-3’
GTGCCCCATTAAACCAGTTG

GAPD CCCCACACACATGCACTTACC
H

Reverse Primer
5’-3’
GGCGTTTACAGCTCAAGTCC

Refere
nce
(10)

CCTAGTCCCAGGGCTTTGATT

(11)

RESULTS
With the aim of analyzing the effect of etoposide treatment on adenovirus
genome copy number in MOLT4 cells, after infecting the cells with adenovirus wt300
at moi = 5 and either treated or untreated with different concentrations of etoposide.
The analysis relied on harvesting cells over a planned time course from wt300 or
mock infected Molt4 cells.
Untreated culture and 6 days post infection showed an increase in adenovirus
copy number while the mock infected samples showed no infection. Then the copy
number started to decline in the 7th day reached to more or less 150 copy/cell.
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Treating the infected culture with DMSO only did not change the number of genome
copies at different time points post infection but the etoposide treatment gave different
pattern. Treating cells with 25 µM of etoposide slightly increased in the number of
virus copies reached to 200 at 1 day after treatment. Leaving the cultures for another
24 hours boosted the number of adenovirus copies close to 500 copy/ml while DMSO
or 12.5 µM did not change the number Fig 1.

Fig.1. Ad5 genome replication. Molt 4 cells were seeded at a count of 1×105 /ml for
24 hours in 75 ml flasks. Ad5 wt300 infection was achieved at moi = 5. DNA
samples were extracted from each time point (3, 6, 7,8 days post infection). Ad5
genomic copy number was quantified from standard curves of Ad5 and genomic
GAPDH plasmids made by 10 fold serial dilutions and then normalized to the control
sample value. Key labelling, WT= human adenovirus type; M= Mock infection; 5,
1D, 3D, 6D, 7D and 8D = number of days post infection; B= before treatment with
etposide; A= after treatment with etoposide; DM= DMSO; E= Etoposide.

DISCUSSION
Adenoviruses have the ability to persist in lymphoid cells achieving
appropriate modification to escape the immune response. The virus downregulates the
expression of Major histocompatibility class I. The other support that the virus obtains
is the A2 and DR53 human leukocyte antigens which provide the suitable
environment for the virus to escape the immune response (12). Serotype 1 Spread
infection was reported in a 45 years old-chronic lymphocytic leukemia woman.
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Adenovirus was isolated from blood with a failure in developing appropriate antiadenovirus antibodies (13).
Obviously treating adenovirus- infected lymphocytes upregulated the
replication of the virus to more than two fold and such effect didn’t belong to the
effect of DMSO since the latter samples had more or less the same number of
copies/ml compared to the corresponding samples before treatment. Topoisomerase
inhibitors have two stages of toxicity, the short includes the gastric and
myelosuppression while the long term includes the cardiac, hepatic or even secondary
leukemia (14) .
Etoposide as a chemotherapeutic agent to inhibits the activity of topisomerase
II, it was found to be a suppressor for the expression of the inflammatory cytokines
and deficiency in number of activated T lymphocytes (15). Such effect on the immune
response might ease the mission of the virus to be reactivated after treatment with
etoposide and eventually spread of the virus infection in different tissues of the body.
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 ﺑﻌﺪ اﻟﻤﻌﺎﻣﻠﺔ ﺑﺎﻻﯾﺘﻮﺑﻮﺳﺎﯾﺪ ﻓﻲ ﺧﻼﯾﺎ اﻻروﻣﺔ٥ ﺗﻨﺸﯿﻂ اﻟﻌﺪوى ﺑﺎﻟﻔﯿﺮوس اﻟﻐﺪي ﻓﻲ ﺧﻼﯾﺎ ﻧﻮع
اﻟﻠﻤﻔﺎوﯾﺔ ﺑﻌﺪ اﻟﻤﻌﺎﻣﻠﺔ ﺑﺎﻻﯾﺘﻮﺑﻮﺳﺎﯾﺪ
زﯾﻨﺔ وﺣﯿﺪ ﻋﻄﻮان
اﻟﺒﺼﺮة اﻟﻌﺮاق،ﺟﺎﻣﻌﺔ اﻟﺒﺼﺮة، ﻛﻠﯿﺔ اﻟﻌﻠﻮم، ﻗﺴﻢ ﻋﻠﻮم اﻟﺤﯿﺎة

اﻟﺨﻼﺻﺔ

اﻟﻔﺎﯾﺮوس اﻟﻐﺪي ﯾﺴﺒﺐ اﻧﻮاع ﻣﺨﺘﻠﻔﺔ ﻣﻦ اﻟﻌﺪوى ﻟﻺﻧﺴﺎن ﻣﺜﻞ ﻋﺪوى اﻟﺠﮭﺎز اﻟﺘﻨﻔﺴﻲ واﻟﻘﻨﺎه اﻟﮭﻀﻤﯿﺔ
 وﺑﺎﻟﺮﻏﻢ ﻣﻦ ان اﻟﻔﯿﺮوس اﻟﻐﺪي ﯾﺴﺒﺐ اﻟﻌﺪوى ﻓﻲ اﻟﻤﺮﺿﻰ ذوي اﻻﺟﮭﺰة اﻟﻤﻨﺎﻋﯿﺔ اﻟﻄﺒﯿﻌﺔ.وﻋﺪوى اﻟﻘﺮﻧﯿﺔ
واﻟﻤﻨﺨﻔﻀﺔ اﻻ اﻧﮫ ﯾﺴﺒﺐ ﺗﮭﺪﯾﺪ ﺣﻘﯿﻘﻲ ﻟﻠﻤﺠﻤﻮﻋﺔ اﻟﺜﺎﻧﯿﺔ ﻣﻦ اﻟﻤﺮﺿﻰ ﻣﻤﺎ ﯾﺠﻌﻞ ﻣﻦ اﻟﻀﺮوري ﺗﺸﺨﯿﺺ
ﺗﺴﺒﺐ اﻟﻌﻘﺎﻗﯿﺮ اﻟﻤﻀﺎدة ﻟﻠﺴﺮطﺎﻧﺎت ﻣﺜﻞ.اﻟﻔﯿﺮوس واﻻﺳﺒﺎب اﻟﺘﻲ ﺗﻘﻒ وراءھﺎ واﯾﻀﺎ وﺻﻒ اﻟﻌﻼج اﻟﻤﻨﺎﺳﺐ
ﻣﺜﺒﻄﺎت اﻟﺘﻮﺑﻮاﯾﺰوﻣﯿﺮﯾﺰ ﻛﺎﻻﯾﺘﻮﺑﻮﺳﺎﯾﺪ ﺗﺜﺒﯿﻂ ﻟﻠﺠﮭﺎز اﻟﻤﻨﺎﻋﻲ ﻟﻠﻤﺮﺿﻰ ﺗﺤﺖ اﻟﻌﻼج ﻟﺬا ﻛﺎن اﻟﮭﺪف ﻣﻦ اﻟﺪراﺳﺔ
 اظﮭﺮت اﻟﻨﺘﺎﺋﺞ ﺑﺎن.ھﻮ ﺣﺴﺎب ﻋﺪد ﻧﺴﺦ ﺟﯿﻨﻮم اﻟﻔﯿﺮوس اﻟﻐﺪي ﻗﺒﻞ وﺑﻌﺪ اﻟﻌﻼج ﺑﺘﺮﻛﯿﺰ ﻣﺨﺘﻠﻔﺔ ﻣﻦ اﻻﯾﺘﻮﺑﻮﺳﺎﯾﺪ
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ﻣﻌﺎﻣﻠﺔ اﻟﺨﻼﯾﺎ ﺑﺎﻻﯾﺘﻮﺑﻮﺳﺎﯾﺪ ﯾﺰﯾﺪ ﻣﺴﺘﻮى ﺗﻀﺎﻋﻒ اﻟﻔﯿﺮوس اﻟﻰ اﻛﺜﺮ ﻣﻦ اﻟﻀﻌﻒ ﺑﻌﺪ ان ﺑﺪأ ﺗﻀﺎﻋﻒ اﻟﻔﯿﺮوس
.  ﺗﻈﮭﺮ اﻟﻨﺘﺎﺋﺞ ﺑﺎن اﻻﯾﺘﻮﺑﻮﺳﺎﯾﺪ ﻟﮫ اﻟﻘﺎﺑﻠﯿﺔ ﻋﻠﻰ اﻋﺎدة ﺗﻨﺸﯿﻂ ﺗﻀﺎﻋﻒ اﻟﻔﯿﺮوس ﻓﻲ اﻟﺨﻼﯾﺎ اﻟﻠﻤﻔﺎوﯾﺔ.ﺑﺎﻻﻧﺨﻔﺎض
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