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Abstract 
Background: Although the incidence of cervical cancer has reduced during 
last years, but it causes mortality among women. Many efforts have performed 
to develop new drugs and strategy for treatment of cervical cancer. Adipose 
Tissue-Derived mouse Mesenchymal Stem Cells (MSCs) has many 
advantages which make them a suitable choice as a cell therapeutic agent in 
cancer treatment. In this study, we aimed to develop an improved protocol for 
Mouse MSCs transduction as well as assess the homing capacity and 
incorporation of MSCs in cervical cancer model. 
Methods: MScs were isolated from the mouse adipose tissue and 
characterized by differentiation and flow cytometry. In our study, lentiviral 
vector transductions of MSCs performed. Their penetrations were detected in 
tissue sections after injection of transduced MSCs to female C57BL/6 mice as 
a cervical cancer model. 
Results: Results showed that MSCs were efficiently transduced with lentiviral 
vector resulting in efficient tumor penetration. 
Conclusion: The results provide evidence that MSCs were able to penetrate 
into the tumor mass of cervical tumor model and are good vehicles for gene 
transfer to cervical cancer. 
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Introduction 
Incidence of cervical cancer and the death rate 

of it have declined recently, but it is still the third 
most common cancer worldwide and the second 
leading cause of mortality among women. 
Approximately, 500,000 new cases of cervical 
cancer with 280,000 deaths are reported each year. 
Human Papilloma Virus (HPV) infection is the 
major factor related to development of cervical 
cancer in developing world [1, 2]. Surgery, 
chemotherapy and radiotherapy can cure 80%–95% 
of patients with early diagnosed cancer; although the 
recurrent or metastatic disease remains a leading 

factor of cancer mortality. Development of new 
diagnosis, prognostic, and treatment strategies is a 
major interest for public health [3]. Mesenchymal 
Stem Cells (MSCs) are non-haematopoietic stem 
cells that have attracted interest as potential 
platforms for transgene delivery and cell-based 
therapy in diseases such as viral infections [4]. 
MSCs have the capability to self-renew and to 
differentiate into the three lineages, including 
osteoblasts, chondrocytes and adipocytes [5]. 
Minimal criteria for defining MSC are as follow: 
First, MSC must be plastic-adherent in culture 
conditions. Second, MSC must express CD105 
CD73 and CD90, and absence of CD14, CD34, 
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CD19, HLA-DR and CD45. Third, MSC must be 
able to differentiate to osteoblasts, adipocytes and 
chondroblasts [6]. Mesenchymal Stem Cells (MSCs) 
represent a new tool for delivery of therapeutic 
genes to cells. MSCs have been modified by 
multiple methods including viral transduction and 
lipid transfection. Lipid transfection of MSCs results 
(30-40%) in relatively low numbers of transducing 
cells. Viral transduction generally results in higher 
efficiency.  A method is to use lenti viruses to 
deliver the DNA construct in to MSCs [7]. Recent 
studies have indicated that lentiviral vectors are 
efficient to deliver and express transgenes in MSCs. 
An advantage of these vectors over retrovectors is 
that they can transduce non-dividing cells. This is 
important given the fact that a large subset 
(population) (20%) of Mesenchymal Progenitor 
Cells (MPCs) has been reported to be quiescent [8]. 
Moreover, the capacity of lentiviral vectors to 
transfer relatively large transgenes is an advantage 
over Adeno-Associated Viral Vectors (AAVs), 
which have a packaging limit of ~5 kb [9]. 
McGinley and colleagues group have reported a 
study comparing various modified methods for rat 
MSCs. They reported that lentiviral vectors showed 
efficient transduction of rat MSCs in contrast to 
adenovirus, AAV, lipid transfection and 
electroporation [10].  

Mouse MSCs have demonstrated more difficult 
to transduce with lentiviral vectors than 
their human counterparts, and because of many 
studies use mouse models of human disease, an 
optimized method of transduction is required to 
facilitate studies applying mouse MSCs [4, 2]. The 
main problem for the development of effective 
cancer therapy is believed to be the lack of sufficient 
specificity. In recent years, cell-based cancer therapy 
strategies have proposed. An example of this is the 
use of Mesenchymal stem cells as gene delivery 
vehicles. 

The MSC-based multiple-targeted anticancer 
strategy is based on MSCs’ capacity of tumor-
directed migration and incorporation and in situ 
expression of tumor-specific anticancer genes. They 
can migrate to tumor and incorporate into the tumor 
architecture. Since the introduction of tumor-
oriented homing ability of MSCs, the application of 
specific anticancer gene-engineered MSCs has 
demonstrated the great potential for cancer therapies 
[11-15]. 

The homing ability of MSCs has been shown in 
many tested cancer cell lines, as Kaposi sarcoma, 

breast cancer, lung cancer, malignant glioma, 
pancreatic cancer, colon carcinoma, melanoma and 
ovarian cancer [13].  

In this study, we aimed to develop the efficient 
lentiviral transduction of Adipose Tissue-Derived 
mouse Mesenchymal Stem Cells and assessment of 
their penetration in female mice cervical tumor 
model and assess the homing capacity and 
incorporation of MSCs in cervical cancer model. 

 
Materials and Methods 
Isolation and seeding of MSC 

Murine MSCs were isolated from the inguinal 
adipose tissue of C57/BL6 mice, as previously 
described [16]. The plastic-adherent population of 
cells was grown in complete culture medium, 
consisting of Dulbecco's Modified Eagle's Medium  
(DMEM; GIBCO-BRL, Tokyo, Japan), 10% fetal 
bovine serum (FBS; GIBCO-BRL, Tokyo, Japan) 
and passaged in 75 cm flask. We perfoemed all the 
experiments under biosafety class II and sterility 
condition. 
Characterization of Mesenchymal stem cells 
using flow cytometry 

Adipo–derived MSCs are phenotypically 
defined by the presence or absence of defined cell 
surface markers. The phenotype of MSCs from 
mouse adipose was determined by flow cytometry. 
At the third passage, the cells were used for 
phenotype analysis. Cells (105 cells) were 
resuspended in 200 µL of PBS and incubated for 30 
min at 4°C with fluorescence-labeled antibodies 
against mouse CD73-Fluorescein Isothiocyanate 
(FITC), CD90- and CDSca1, CD45, CD11b or the 
appropriate isotype controls (all antibodies were 
purchased from eBioscience). The cells were 
analyzed using flow cytometry (Attune acoustic 
focusing cytometer, Applied biocystems, USA) by 
flowJo software (Tree Star, Inc., Ashland, OR, 
USA). 
Evaluation of MSC differentiation 

For osteogenic differentiation, the cells at the 
third passage were incubated in Dulbecco's Modified 
Eagle Media (DMEM) containing 10% FBS, 
dexamethasone 10-7 M, β-Glycerol-Phosphate 10 
mM and ascorbic acid 2-phosphate 50 μg/ml. 
Control MSCs were incubated only in DMEM 
containing 10% FBS and after 21 days of culture in 
6-wells plate, the osteogenic differentiation of stem 
cells was confirmed by positive alizarin red staining 
of the Mineralized matrix. 
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For confirmation of adipogenic differentiation, 
cells were incubated with DMEM medium 
containing 10% FBS Isobutylmethylxanthine 
(IBMX) 0.5 mM, dexamethasone 10-7 M, Insulin 66 
nM, Indomethacin 0.2 mM. At 30 days of culture, 
the adipocytic phenotype is characterized by 
intracellular accumulation of lipid droplets that 
visualized with 0il-Red O staining. 
Production and concentration of the 
Lentiviral vector 

Lentiviral vectors were produced based on Prof. 
Trono lab protocols with some modifications [17]. 
Replication-incompetent lentiviral particles were 
generated by transient co-transfection of HEK293T 
cells, human embryonic kidney cells, that have been 
transformed by adenovirus type 5 DNA [18], with 
the three plasmids (psPAX2, PMD2G, pCDH-CMV-
MCS-EF1-GFP-T2A-Puro), using a CaPO4 
precipitation method. Briefly, 293T cells were plated 
on 10 cm plates to 80–90% confluence and co-
transfected with 10.5 μg PMD2G, 21 μg psPAX2 
and 21 μg pCDH-CMV-MCS-EF1-GFP-T2A-Puro. 
The cells were rinsed with PBS and given fresh 
media within 2 h before initiating transfection. 

The plasmid DNA was diluted into Ca3(PO4)2 
buffer that contains 21 μg pCDH-CMV-MCS-EF1-
GFP-T2A-Puro, 21 μg Pspax2, 10.5 μg pMD2, 33 μl 
TE 1X, 105 μl CaCl2 2.5 M, and 1050 μl 2x HBSS 
was used for one of 10 cm plate. The 2X HBSS was 
added during solution vortexing. The DNA/ 
CaCl2/HBS mixture was then added drop wise to the 
cells.  

The medium was removed 16 h later and 
replaced with 10 ml of fresh DMEM with 10% fetal 
bovine serum (FBS; GIBCO-BRL, Tokyo, Japan). 
Culture supernatants were collected every 24 h for 
three days, centrifuged at low speed to remove cell 
debris and filtered through a 0.45 μm filter. The viral 
supernatants were concentrated by precipitation with 
polyethylene glycol (PEG)-NACL, resuspended in 
sterile phosphate-buffered saline (PBS), and then 
stored at −80°C. 
Vector titration using Fluorescence Activated 
Cell Sorting (FACS) 

Vector titration was performed based on Prof. 
Trono lab protocols with some modification [19]. To 
determine vector titers (TU), 293T cells were grown 
in 12-well plate at a density 105 cells per well in one 
ml DMEM supplemented with 10% FBS. The 
medium was removed and cells transduced in 500 μl 
of fresh DMEM-10 with serial dilutions of the 

vector that correspond to final amount of: 1 
μl,10−1, 10−2, 10−3, and 10−4μl of vector. After 24 
h, the medium was removed and one ml of fresh 
medium was added to each well. 72 h after 
transduction, cells were processed for Fluorescence 
Activated Cell Sorting (FACS) analysis. 
Transduction of MSCs with Lentiviral 
Vectors 

Cells were plated 24 h before transduction at a 
density of 105 cells per well in 6-well plates in 
DMEM supplemented with 10% FBS in the 
presence of 8 𝜇g/mL polybrene. 6-well plates were 
centrifuged in 2000 rpm for 1 hour at 25ºC and 
incubated overnight without centrifugation. 
Transductions were performed three times with 
interval of eight hours. After 24 h, the medium was 
replaced with two ml fresh culture medium. 48 h 
after transduction, Green Fluorescent Protein (GFP) 
gene expression was examined by Fluorescent 
microscopy. Transduced cells were passaged, and 
selected with puromycin (1.5 mg/ml) for 5 days.  
Mice 

Six to seven week-old female C57BL/6 mices 
were purchased from the Pasteur Institute of Iran. 
All experiments and manipulation were performed 
in accordance with the Animal Care and Use 
Protocol of Tarbiat Modares University. 
Tumor induction and MSCs administration 

TC-1 cell line were purchased from a cell bank 
(Pasteur Institute of Iran). This cell line was derived 
from primary lung epithelial cells of C57BL/6 mice. 
The cells were immortalized with HPV-16 E6 and 
E7 and c-Ha-ras oncogenes [20].  Total number of 
106 TC-1 cells were suspended in 100 μl Phosphate 
Buffered Saline (PBS) and subcutaneously injected 
into the left flanks of the female C57BL/6 mice. 
Tumor formation was visualized, one week after 
inoculation.   

At day 7, rapid tumor formation appeared in 
C57BL/6 mice inoculated with 106 TC-1 cells. After 
tumor formation, mice were intratumorally injected 
with 2.5*105 MSCs transduced with lentiviral 
vector. 
Histological study 

Seven days following administration of MSCs 
to tumor, the mice were euthanized and histological 
studies were conducted. Autopsied tissues from 
animals were fixed in 10% phosphate-buffered 
formalin. They were embedded in paraffin and 
sectioned at 4-6 μm; the slides were mounted and 
evaluated by fluorescent microscopy (×40). 
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Results 
The FACS phenotype analysis showed that the 

MSCs were positive for CD73, CD90 and Sca-1, but 
negative for CD45 and CD11b (Figure1). 

21 days after culture the MSCs with 
osteogenic-inducing media at three passages, 
osteogenic differentiation was observed with alizarin 
red staining (Figure 2A).  

MScs were incubated with adipogenic media at 
three passages for 30 days. Polybrene and 
centrifugation Oil droplets were confirmed in the 
cytoplasm using Oil Red-O staining (Figure 2B). 

After Transient co-transfection of HEK293T 
cells containing the three plasmids, GFP expression 
was visualized using a fluorescence microscope 
(Figure 3). The virus titer was determined by flow 
cytometry, the final virus titer found to be 1 × 106 
TU/mL after concentration. 

MSCs were plated 24 h before transduction at 
a density of 50,000 cells per well of 6-well plates. 
Transduction was performed three times with 8 h 
intervals. In first time, cells were infected with 
lentiviral vector as well as 8 𝜇g/mL polybrene and 
the plates were centrifuged in 2000 rpm for 1 h 
(Figure 4). In other twice, same MSCs were infected 
only with lentiviral vector. 

After seven days following intratumoral 
injection of MSCs, the mice were sacrificed and 
tumors were removed for histological examination. 
Tumor tissues from mice were fixed in 10% 
phosphate-buffered formalin. They were embedded 

in paraffin and were sectioned at 4-6 μm; the slides 
were mounted and visualized by fluorescent 
microscopy (×40). MSCs with high frequency in 
tissues sections were seen (Figure 5). 
 
Discussion 

Whereas bone marrow (BM) MSC has been the 
first identified source of MSC [21], adipose tissue 
recognized a valid reservoir of Mesenchymal stem 
cells [22]. Adipose tissue can be isolated and easily 
processed to release large numbers of adipose-
derived MSC. AD-MSCs are particularly suitable 

 
Figure 1. FACS analysis for isolated MSCs. The results revealed that the isolated cells were positive for 
CD73, CD90 and Sca-1, but negative for CD45 and CD11b and confirmed to be MSCs. 
 

 

 
Figure 2. Isolation of MSCs from mouse adipose 
tissue and characterized by differentiation 
A: Adipo MSCs were cultured in osteogenic 
differentiation medium and after 21 days of 
culture stained with Alizarin red. Alizarin red 
stained the calcium deposits. Formation calcium 
deposits indicate that osteogenic differentiation 
process performed. 
B: Figure B shows MSCs were differentiated to 
adipocyte. Lipid Vesicle seen in cells with Oil Red 
staining and indicated successful adipogenic 
differentiation. C:  Figure c shows the MSCs at 
3rd passage. 
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for cell and gene therapy methods because they can 
be expanded and then transduced by several vectors 
[21]. The main benefit of MSCs in this field is that 
they are considered as immunoprivileged, because 
they expresslow level of Ag (HLA) MHC class 1, 
but not CD40, CD80 and CD86 [23].  In addition, 
they can secret prostaglandin, transforming growth 
factor beta and hepatocyte growth factor, which 
regulate the T-cell immune response, leading to 
reduce the possibility of a cytotoxic T-cell response 
to transduced cells [14]. MSCs have gained interest 
as promising tools for cell-based gene therapy 
approaches for various diseases. An important 
advantage of MSCs as cellular vehicles is their 
accessibility for genetic modification. MSCs have 
some advantages as cellular vehicles: they are 
approximately easy to isolate and expand, 
specifically migrate to tumors following systemic 
delivery, can be transduced with a range of viral 
vectors. Current studies have reported the use of 
lentivirus-mediated Transduction for MSCs [15]. 
Generally, HIV-1 replication is not supported by 
mouse cells because a number of barriers at various 
steps including virus entry, nuclear import, RNA 
splicing, polyprotein processing, assembly, and 
release [4, 24]. 

In this study, we isolate adipo MScs form 
C57BL/6 mouse tissue. All these MSCs showed 
plastic–adherent and fibroblastic like morphologic 
characteristics. The property of plastic adherent 
itself is not sufficient for identification of MScs as 
well as further characterization of these cells that is 
performed by differentiation potential and cell 
surface marker expression (three criteria required for 
MSCs confirmation: plastic–adherent, differentiation  
potential and surface markers expression). 
Adipogenic inducing media Cultured MSCs 
differentiate to adipocyte cells with formation of 
lipid droplets. These droplets were stained by Oil 
Red. The differentiation of MSC to osteoblasts 
carried out in vitro using appropriate media. 
Mesenchymal Stem Cells have no extracellular 
calcium deposit, whereas osteoblasts feature vast 
extracellular calcium deposits. Therefore, Calcium 
deposits are indication of successful differentiation 
that stained by Alizarin Red. In addition to 
differentiation potential, MSCs surface markers 
expression evaluated by Flow cytometry. Result 
showed that MSCs were positive for CD73, CD90 
and Sca-1 and these markers are expressed in 97.9%, 
82.3%, and 98.2% of MSCs, respectively. MSCs 

 
Figure 3. Transfection of HEK-293T by 
Ca3(PO4)2  method for virus production. HEK-
293T cells co-transfected with  PMD2G, psPAX2 
and pCDH-CMV-MCS-EF1-GFP-T2A-Puro (A): 
Figure A shows the culture of HEK-293Tby light 
microscopy and (B) HEK-293T cells  24 h after 
transfection visualized by fluorescent microscopy 
High expression of GFP in HEK-293T 
demonstrated the high level of transfection. 
 

 

 
Figure 4. A: Transductions were carried out in the 
presence of 8 μg of Polybrene (Sigma) per ml. 
After incubation at 37°C for 48 h, transduced 
MSCs seen by Fluorescence microscopy. High 
expression of GFP in MSCs shows the high rate of 
transduction. B: shows transduced MScs by light 
microscopy after incubation at 37°C for 48 h. 
 

 

 
Figure 5. Tumor tissue was removed for 
histological examination after the mice were 
sacrificed at 14days. Sections prepared from 
central region of tumor. Figure shows, transduced 
MSCs (green cells) have good penetration in 
cervical tumor tissue. 
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were negative for CD45 (4.33%) and CD11b 
(4.64%). 

To improve lenti viral vectors for efficient 
transduction of MSCs, we have tested various 
transduction protocols. The current protocol for 
efficient lentiviral transduction of MSCs involves 
the addition of polybrene during transduction and 
the achieved results showed that a three round of 
transduction using concentrated lentiviral vectors 
can lead to the efficient transduction of mouse 
MSCs.  

In recent years, combinations of cell and gene 
therapy have been used for cancer therapy. Cell 
therapies are based on biological agents contain cells 
to be used to patients [11]. One of the cells with high 
attraction in cell-based strategy is Mesenchymal 
stem cell as a gene delivery vehicle. 

MSCs are of interest as a vehicle for the 
expression of therapeutic genes, because they are 
easy isolated, expanded and transduced with viral 
vectors, as well as MSCs have the ability to home to 
the tumor tissue, they may thus be promising tools 
for the specific delivery of antitumor agents to 
tumors [25]. 

 
Conclusion  

Our results demonstrate that lentiviral 
vectors can efficiently transduce mouse 
MSCs in vitro with high efficiency and 
lentiviral vectors are good choice for stable gene 
delivery to these stem cells. These findings 
confirm other studies [7, 26, 27]. After 
intratumoral injection of MSCs, histological 
examination of cervical tumor tissue showed 
that MSCs have good penetration in cervical 
tumor tissue, as well as these cells seen with 
high frequency in microscopic sections [28]. It 
seems that these cells are the potent vehicles for 
transfer and expression of therapeutic genes to 
cervical cancer microenvironment. 
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