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Objective This study was performed to evaluate the anticancer effect of live attenuated measles virus (Edmonston strain) on human lung 
cancer cell line in vitro.
Methods Human lung cancer cell line (A549) was treated with different titers of the propagated live attenuated measles virus on Vero cells, 
including 10−1, 10−2, 10−3, 10−4, 10−5 of virus stock (8.860 log10 RNA copies/µl). The virus cytopathic effect (CPE) was studied at 24, 48, 72, and 
96 hr. Oncolytic effects of the virus were assessed by cytotoxicity assay, apoptosis analysis, and proliferation marker Ki-67. The growth 
inhibition percentage was determined by Enzyme-Linked Immunosorbent Assay (ELISA) reader using crystal violet staining assay and 
compared with the viral load measured by quantitative real time-PCR.
Results The results of the study showed that measles virus had an inhibitory effect on the growth of human lung cancer cell line compared 
with untreated control group. There was highly significant positive correlation between viral load and PGI at 24, 48, 72, 96 hr (P < 0.001). 
The growth inhibition rate of a cell was associated with a decrement in the expression of the Ki-67 protein and increase in the ratio of early 
and late apoptotic cells in comparison with untreated control group.
Conclusion Live attenuated measles virus strain induced cytotoxic effect against human lung cancer cell line (A549) by induction of 
apoptosis as an important mechanism of anti-tumor activity, in addition, it indicates a correlation between the quantity of MV genomes 
and percentage of growth inhibition. This relation has proved that measles virus had anticancer effect.
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Introduction
Viral therapy is one of the most promising branches of  
medicine which detect viruses that can kill cancer cells. The 
detected viruses can be used as a method to treat malignant 
tumors, and this is done through the proliferation of the 
virus inside malignant tumor cells.1,2 Cancer is one of the 
leading worldwide causes of death, and despite the consider-
able progress made by researchers in the diversity of cancer 
treatment methods, the mortality rate from malignant 
tumors are still alarmingly high, so discouraging cancer 
growth and reducing its spread is one of the major challenges 
facing modern medicine.3 The current goal for developing 
new therapies for the treatment of cancer is to design or 
select therapeutic agents that have a high therapeutic index 
(i.e. high potency against malignant cells) with little or no 
toxicities to normal cells.4 An oncolytic virus, is a type of 
viruses that are highly selective to tumor cells: it can repli-
cate, spread and proliferated within the tumor cells without 
affecting normal tissue,5 and genetically programmed to rep-
licate within cancer cells and directly induce cytotoxic effect 
through cell lysis or apoptosis.6 The use of replicating viruses 
for cancer therapy is attracting increasing interest.  
The advantages of virotherapy include the potential lack of 
cross-resistance with standard therapies and the ability to 
cause tumor destruction by numerous mechanisms.7  
A variety of viruses have been developed as oncolytic thera-
pies, including adenovirus, vaccinia virus, herpesvirus, cox-
sackie A virus, Newcastle disease virus, and reovirus.8 During 
the past decades, measles virus vaccine strains have emerged 

oncolytic platform that may not be compromised by pre- 
existing MV immunity.9 Measles virus vaccine Edmonston or 
Schwarz strains uses mainly CD46 molecules to infect cells, 
during cancer development, tumor cells are often selected to 
express high levels of CD46 molecules, which inhibit  
the complement system.10 This CD46 overexpression makes 
the tumor cells less sensitive to lysis by the complement  
but highly sensitive to measles vaccine virus infection.11  
This study was performed to evaluate the antitumor effect of 
live attenuated measles virus (Edmonton) vaccine strain on 
human lung tumor cell line in vitro, and determination of the 
correlation between the load of measles virus genomes and 
percentage of growth inhibition at different time intervals.

Materials and Methods

Cell Culture

The human lung cancer cell line (A549) and Vero cell line were 
purchased from National Cell Bank of Iran-Pasteur Institute 
(NCBI). Cell line was maintained in Roswell Park Memorial 
Institute medium 1640 (RPMI-1640, Gibco-BRL), supple-
mented with 10 % fetal bovine serum (Gibco) and 100 µl/ml 
penicillin/streptomycin (Sigma). Cells were incubated at 37°C 
in 5% CO2 incubator for 24 hr or until a confluent monolayer 
formed. The cells were subcultured for several times and then 
seeded into 96-well microplates at a concentration of 4 × 105 
cells per well with complete RPMI-1640 growth medium.12
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Virus Preparation
Live attenuated measles virus (Edmonston) were obtained 
from Vaccine and Sera Institute in Baghdad, Iraq. Each vial 
vaccine contains 10 doses of lyophilized hyper attenuated 
measles virus, each dose contains at least 1000 CCID50. Virus 
prepared as recommended by manufacturing company by 
adding 5 ml of sterile deionized distilled  water (DDW) to dis-
solve the lyophilized powder and shake well before use.

Propagation of Measles Virus Vaccine on Vero 
Cell Line
In this study, lives attenuated measles virus was propagated 
on Vero cell line after 90% confluence. Growth medium was 
decanted, cells washed with sterile PBS (pH 7.2) then inocu-
lated with 2 ml of (diluted hyper attenuated measles virus 
strain), and incubated at 37°C for 2 hr with mild rolling of 
the flask every 10 min. After the end of incubation period, 
the remaining virus inoculum was discarded and the cells 
were maintained with 7 ml of serum-free RPMI-1640 
medium. The cells were re-incubated at 37°C for 3–7 days, 
when syncytia reached 80–90% of infected culture. The 
supernatant medium from each flask was collected asepti-
cally in sterile tubes and the remaining attached cells were 
scraped then underwent freezing and thawing for three 
times, and centrifugation of all harvested culture at 3000 rpm 
for 30 min at 4°C in cold centrifuge, and virus was propa-
gated on Vero cell line from passage 1 till passage 8 and virus 
titer was assayed by real-time Polymerase Chain Reaction 
(RT-PCR) in each viral passage.13–15

Exposure Stage
Human lung cancer cell line (A549) were cultured in 96-well-
flat bottom microtitration plates and incubated with serial titer 
dilutions of measles virus (concentrated inoculums = 8.860 
log10). The plated cells were divided into two groups: Group-1 
was the control group (untreated); group-2 cell line was treated 
with measles virus. Three replicates were used for each virus 
titer dilution, as well as the control group which was treated 
with serum-free medium only. The plates were incubated at 
37°C in 5% CO2 incubator for 24, 48, 72, and 96 hr.16 Then viral 
load, Ki-67 expression, apoptosis, and cytotoxicity of measles 
virus were estimated.

Assessment of Measles Virus Cytotoxicity by 
Crystal Violet Assay
Crystal violet (CV) assay was used to determine the optical 
density of the cell growth in each well of the microtiter plate by 
using ELISA reader. It is a technique used in cell culture labo-
ratories to detect remaining adherent cells that staining with 
crystal violet dye, which binds to proteins and DNA. This tech-
nique was performed according to method described by  
Castro-Garza et al.12

Assessment of Apoptosis by Annexin V-FITC
Annexin-V concentrations was determinated in cell culture 
supernatant by quantitative ELISA Kit (US biological): The 
test was performed according to the instructions of the kit 
manual of manufacturing company.

Estimation Human Ki-67 Protein
Ki-67 protein concentrations was determinated in cell culture 
supernatant by quantitative ELISA Kit (Elabscience): The test 

was performed according to instructions of the kit manual of 
manufacturing company.

Molecular Test for Detection Viral Load of 
Measles Virus in Cell Culture (Vero and Lung Cell 
Lines) Supernatant by qRT-PCR

Primers and probe
The primers and probe were designed by using the complete 
sequence of nucleoprotein in measles virus using NCBI Gene-
Bank and Primer3 online and these primers were provided by 
Bioneer Company, Korea as 

Viral RNA Extraction

Viral RNA was extracted from frozen cell culture samples by 
using AccuZol TM Total RNA extraction kit (Bioneer, Korea) 
The extraction process was proceeded according to the 
instructions of the manufacturing company.

Reverse Transcription Real-Time PCR

Real-time-PCR was performed for detection and quantitation 
of measles virus in cell culture experimental samples based on 
specific primers and probe for nucleoprotein gene in measles 
virus and this technique was performed according to the 
method described by Hummel et al.17

Statistical Analyses

Statistical analysis was done by using SPSS version 20 in which, 
mean and standard deviation were used as descriptive statis-
tics and analysis of variance with LSD for comparison between 
groups. P value ≤ 0.05 regarded significant.

Results

Detection of Measles Virus Load in Supernatant 
of Infected Vero Line by qRT-PCR

The viral titer was determined by the quantitative RT-PCR 
(qRT-PCR) assay. This assay was used to detect the MV N gene 
of RNA genome, starting from the first passage up to eighth 
passage. The titer of propagated human measles virus on Vero 
cell was increased gradually with the subsequent passage 
number until it reached maximum titer at the eighth passage 
which it was 8.860 log10. Table 1 and Fig. 1 reflected a signifi-
cant increase in MV viral load as detected by qRT-PCR, which 
reached its maximum viral load at passage 8 (P < 0.05).

Figure 1 revealed that the threshold cycle Ct value of 
RT-PCR test as an indicator of the viral load detected in super-
natant infected Vero cell culture. The lowest the threshold 
cycle Ct values indicated the highest MV RNA load were 
obtained.

Table 1. The primers and probe

Primer Sequence Product size

Measles N primer *F AGACATTGACACTG-
CATCGG 89 bp

*R AAGATTCCTGCCAT-
GGCTTG

Measles N probe FAM-AGGTCAGCTGACGCCCTGCT-BHQ1

NCBI reference code: measles virus N gene for nucleoprotein, partial CDS, 
strain: MVi/Tokyo.JPN/38.00(KO) GenBank: AB095426.1. *F, Forward primer;  
*R, Reverse primer.
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Fig 2. Real-time PCR standard curve of MVV nucleoprotein gene in 
supernatant Vero cell culture at different passages, the log starting 
quantity curve was shown at RT-PCR efficiency 99.7%.

Fig 3. Cytotoxic effect of measles virus vaccine on lung A549 cell 
line after 24, 48, 72, and 96 hr of exposure as evidenced by crystal 
violet assay (P < 0.001).

Correlation Between the Number of Viral Loads 
and Percentage Growth Inhibition in Lung Cancer 
Cell Line

To determine the effect of measles virus vaccine on cancer 
cells, we studied correlation between the number of viral 
genomes load and percentage growth inhibition. The growth 
inhibition percentage in lung (A549) cancer cell line was 
determined by ELISA reader and compared with the viral  
load measured by qRT-PCR. Cells were exposed to different 
titer of measles virus (10−1, 10−2, 10−3, 10−4, and 10−5) for 24, 48, 
72, and 96 hr.

Standard curve shows that the threshold cycle (Ct) on the 
y-axis and the starting quantity of RNA target on the x-axis. 
Slope, y-intercept, and correlation coefficient values are used 
to provide information about the performance of the reaction. 
The standard curve demonstrated a high linear correlation 
(R2) = 0.989, y-intercept = 42.675, the regression slope was 
−3.329, and efficiency was 99.7% (Fig. 2).

Oncolytic Effect of Measles Virus on Human  
Lung A549

Cytotoxic effect of  measles virus was investigated in human 
lung adenocarcinoma cell line exposed to different titers of 
measles virus (10−1, 10−2, 10−3, 10−4, and 10−5) for 24, 48, 72, 96 
hr, and control group (untreated), then stained with crystal 
violet dye. The optical density for cell line cell was measured at 
459 nm by ELISA reader.

The result of this study showed that measles virus had a 
growth inhibition effect on lung cell line in comparison with 
control group and the cytotoxic effect was increased propor-
tionally with the viral load and time. Figure 3 showed that the 
growth inhibition percentage of measles virus on human lung 
cell line at high titer (10−1) was 39.015, 70.642, 77.076, and 
90.959% for 24, 48, 72, and 96 hr, respectively. While the 
growth inhibition percentage of measles virus at low titer 
(10−5) was 11.20, 19.843, 26.678, and 52.827% after 24, 48, 72, 
and 96 hr, respectively. However, Fig. 3 reflected high signifi-
cant differences in growth inhibition percentage between cell 
that was treated with measles virus and untreated control 
group (P < 0.001).

Fig 1. Real-time PCR amplification plot of Measles virus vaccine  
(MVV) nucleoprotein gene in supernatant of Vero cell culture at 
different passages. The amplification plots were shown as red plot 
(P8), blue plot (P7), green plot (P6), yellow plot (P5), pink plot (P4), 
black plot (P3), orange plot (P2), and the gray plot (P1).

Fig 4A. Correlation between viral load and percentage growth 
inhibition in lung cell line at 24, 48, 72, and 96 hr. Viral load—  ,  
PGI—  .
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Table 2. Viral load detection by qRT-PCR. Viral RNA copies/µl  
in supernatant of Vero cell culture infected with measles 
virus vaccine strain at different passages. Mean ± SD for three 
replicates (P < 0.05)

Passage number
Viral load log

10 
(RNA copies/µl) 

Mean ± SD

P1 4.3300 ± 0.24434

P2 4.5967 ± 0.24007

P3 5.2067 ± 0.15044

P4 5.7467 ± 0.09292

P5 6.2600 ± 0.14177

P6 7.6967 ± 0.13868

P7 8.5067 ± 0.07024

P8 8.8600 ± 0.13528

Figure 4A shows measles virus load in lung cell line 
treated with (10−1) virus was (6.94 log10) at 24 hr, and increased 
gradually until it reached maximum titer (10.336) at 96 hr. 
Also, the percentage of growth inhibition of lung cancer cell 
line treated with (10−5) measles virus, was (39.015) at 24 hr, 
then increased gradually reaching it’s high mean value (90.959 
log10) at 96 hr.

Fig. 4B revealed that the threshold cycle Ct value of 
RT-PCR test as an indicator of the viral load which was 
detected in supernatant of infected lung cancer cell line cul-
ture at different durations of exposure. The lowest the threshold 
cycle Ct values, indicate that higher MV RNA load were 
obtained at dilution (10−1). Growth inhibition rate at various 
time durations was increased proportionally with viral load in 
lung cell lines culture. The result demonstrated that there was 
a significant correlation between viral load measured by 
qRT-PCR and percentage of growth inhibition determined by 
ELISA reader. This correlation proved that measles virus had 
anticancer cytotoxic effect.

There is a significant strong positive correlation between 
viral load and PGI at 24, 48, 72, and 96 hr (P < 0.001).

Effect of Measles Virus on Proliferation and 
Apoptosis in Lung Cancer Cell

The result showed that measles virus-induced apoptosis and 
growth inhibition of cancer cells. The inhibition of cell growth 
was associated with a decrement in the expression of Ki-67 
protein and increased in the ratio of early and late apoptosis 
compared with control group. Induction of cell apoptosis is an 
important mechanism of anti-tumor activity of measles virus. 

Fig 4B. Real-time PCR amplification plot of nucleoprotein gene of 
MVV in supernatant lung cell line at 24, 48, 72, 96 hr incubation. 
The positive viral amplification was shown to cross-up the thresh-
old cycle line. The amplification plots were shown as red plot for 
virus dilution (10−1), blue plot for virus dilution (10−2), green plot 
for virus dilution (10−3), yellow plot for virus dilution (10−4), black 
plot for virus dilution (10−5), and the line plot under threshold line 
as negative control (untreated).

Fig 5. (A) Mean value of Ki-67 expression after treatment with 
measles virus at different durations (P < 0.001). (B) Mean val-
ue of Annexin-V after treatment with measles virus at different  
durations (P < 0.001).

However, Fig. 5A and B reflected a significant difference 
between cell that was treated with measles virus in comparison 
with control group (P < 0.001).

Discussion
Live attenuated measles virus Edmonston strain was propagated 
on Vero cell line and used as oncolytic virus for human non-
small cell lung cancer cell line. qRT-PCR technique was used as 
rapid quantitative method for estimating of the titer of propa-
gated measles virus vaccine. It is a highly sensitive and specific 
diagnostic tool. The titer of propagated measles virus vaccine 
gradually increased with subsequent passage number due to 
rapid adaptation of the virus on Vero cell line, started with 4.33 
log10 copies/µl, with mild increment in the second passage to 
4.596 copies/µl and reached its maximum titer in eighth passage 
which was 8.86 (Table 2 and Fig. 1). The cycle threshold value 
measured by RT-PCR which was used as an indicator of the 
viral load found in the supernatant of cell culture.

These results are in agreement with many other previous 
studies El Mubarak et al.18 who documented that qRT-PCR is 
efficient rapid technique for detecting measles infection or 
vaccination. Also, Ammour et al.,19 reported that qRT-PCR 
was successfully used for estimating the titers of measles, 
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mumps and rubella viruses in infected cell culture superna-
tants, and this technique is cheaper and faster than titration 
methods that used in cell culture techniques. The present 
study indicated that both tissue culture and RT-PCR-tech-
nique are efficient technique for estimation of successful prop-
agation of measles virus on Vero cell.

This study showed that measles virus had greatest growth 
inhibition effect on human lung cancer cell line in comparison to 
a control group and the virus cytotoxic effect was increased 
according to virus load increment, in parallel with time. Figure. 3 
explained that there was significant difference in inhibitory effect 
of measles virus on human lung A549  compared with control 
group after 24, 48, 72, and 96 hr post exposure (P < 0.001).

The percentage of growth inhibition was correlated posi-
tively and significantly with the viral load in cancer cell line if 
considered together which means that a higher viral load will 
lead to high percentage of growth inhibition, because a high 
titer of virus destroy a large number of cancer cells, while a 
lower viral load would destroy lower percentage of cell number.

The result consistent with previous studies, documented 
that measles virus has antitumor activity. Blechacz et al.20 
reported that MV-Edmonton, successfully infected human 
hepatocellular carcinoma cell, resulted in transgene expres-
sion and syncytium formation in dependent on expression of 
CD46 receptor, and tumor cell killing was assessed by crystal 
violet assay. Also, McDonald et al.21 who found that MV has 
potent antitumor activity against breast cancer lines and xeno-
grafts, resulting in significant cytopathic effects consisting of 
extensive syncytia formation and massive cell death after 
72–96 hr from infection.

Induction of cancer cell apoptosis is the key to its treat-
ment. The Annexin-V affinity assay was a widely used as 
method for apoptosis analysis, as well as for the discrimination 

between apoptotic and viable cell. This test is based on the 
changes in the cell membrane caused by apoptotic processes, 
Loss of plasma membrane asymmetry is an early step in apop-
tosis. The rate of apoptotic cell is increased significantly with 
the duration intervals and the dose of measles virus, associ-
ating with a decrease in expression of Ki-67 protein.

The present results consistent with other previous studies 
that documented that oncolytic virus induces apoptosis. Liu  
et al.22 revealed that the measles vaccine virus-induced apop-
tosis and leading to cytotoxicity against glioma cell line in 
vitro. On other hand, Li et al.23 found that adenovirus could 
inhibit Ki-67 expression and cellular proliferation and induce 
apoptosis of prostate carcinoma in vivo. The present study 
revealed that measles virus can replicate and destroy cancer 
cells, and yield high load of new progeny viruses, which 
spread, infect and kill more cancer cells around it. Also, a high 
load of measles virus increased inhibition of cancerous cells as 
compared with low-virus titer. 

Conclusion
Live attenuated measles virus strain induced cytotoxic effect 
against human lung cancer cell line (A549) by induction of 
apoptosis as an important mechanism of anti-tumor activity, 
in addition, it indicated a correlation between the quantity of 
MV genomes and percentage of growth inhibition. This rela-
tion has proved that measles virus had anticancer effect.
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