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Cancer immunotherapy using gene-modified tumor cells is safe and customized cancer treatment method. In this study, 
we made gene-modified tumor cells by transferring costimulatory molecules, 4-1BBL and OX40L, into tumor cells using 
lentivirus vector, and identified anti-cancer effect of gene-modified tumor cells in CT26 mouse colorectal tumor model. 
We construct pLVX-puro-4-1BBL, -OX40L vector for lentivirus production and optimized the transfection efficiency 
and transduction efficiency. The transfection efficiency is maximal at DNA:cationic polymer = 1:0.5 and DNA 2 μg for 
lentivirus production. Then, the lentiviral including 4-1BBL and OX40L was used to deliver CT26 mouse tumor cells to 
establish optimal delivery conditions according to the amount of virus. The transduction efficiency is maximal at 500 μL 
volume of lentiviral stock without change in cell shape or growth rate. CT26-4-1BBL, CT26-OX40L significantly inhibited 
the tumor growth compare with CT26-WT or CT26-β-gal cell line. These data showed the possibility the use of genetically 
modified tumor cells with costimulatory molecule as cancer immunotherapy agent. 
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INTRODUCTION 
 

Recently, the development of a therapeutic method using 

the immune system of the human body for the treatment of 

cancer has been attempted. However, despite the presence 

of immune surveillance for tumors, tumors also grow in 

the normal immune system. Various treatment strategies are 

being researched and developed for cancer immunotherapy. 

Many therapies have been developed such as monoclonal 

antibody therapy (Weiner et al., 2009), adoptive cell therapy 

(Perica et al., 2015), tumor cell vaccines (Hanna, 2012), 

cytokine administration (Lee and Margolin, 2011), Dendritic 

cell vaccines (van Willigen et al., 2018). Among these, tumor 

cell vaccine is the safest and most appropriate immuno- 

therapy method for patient-specific treatment. 

Whole tumor cell vaccines have been tested in clinical 

and preclinical studies (Keenan and Jaffee, 2012; Srivatsan 

et al., 2014; Pan et al., 2018; Wang et al., 2018), and have 

several advantages in cancer immunotherapy (Wang et al., 

2018). Whole tumor cell vaccines offer tumor antigens and 

tumor associated antigen to elicit tumor-specific immunity 

(Chiang et al., 2015; Allahverdiyev et al., 2018). Whole 

tumor cell vaccines facilitate a high-efficiency antitumor 

response (Si et al., 2017). Immune stimulation by whole 

tumor cell vaccines could promote a stronger antitumor effect 

and long-term memory through CD8+ T cells (Luo et al., 

2019). Many phase I and II clinical trials have reported that 
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whole tumor cell vaccines had significant results in clinical 

trials (Dillman et al., 2018). However, phase III clinical trials 

of whole tumor cell vaccines usually fail to produce signifi- 

cant clinical effect (de Gruijl et al., 2008; Giaccone et al., 

2015). Many studies have shown that the lack of tumor anti- 

gen and immunosuppression caused by the tumor itself may 

be the main cause of the failure of clinical trial (Goldman 

and DeFrancesco, 2009; Vermaelen, 2019). Therefore, in 

order to improve the antitumor effect of whole tumor cell 

vaccines, addition of other approach is required. Antitumor 

vaccines with genetically modified tumor cells, which is 

whole cell vaccine with cytokine GM-CSF (Klein et al., 

2000; Hege et al., 2006), have already proven to be effective 

in application to some types of cancer in animal models 

(Couch et al., 2003; Miguel et al., 2013), and some of them 

are being tested in clinical trials (Eager and Nemunaitis, 

2005; Nemunaitis et al., 2006; Lipson et al., 2015; Curry et 

al., 2016). However, tumor treatment using tumor cells still 

needs to improve the therapeutic effect even more effectively. 

Because tumor cell was detected and eliminated by host 

immune cells, and increased immune response represent 

good prognosis to cancer patients, it is actively studying 

many cancer immunotherapy methods using host immune 

system to minimize the side effect of treatment method and 

to maximize therapeutic effect. Immune response against 

tumors are needed by T cell receptor recognition of tumor 

associated antigen on MHC molecules. Full activation of T 

cells requires costimulatory signals, which induce T cell ex- 

pansion and differentiation to effector and memory cells. 

4-1BBL (CD137) and OX40L are members of TNF super- 

family and play a critical role in the regulation of pleotropic 

immune effects. 

4-1BBL is a T-cell costimulatory molecule and binds to 

4-1BB on activated T cells. 4-1BBL functions T cell clonal 

expansion and maintenance of long-term immune memory, 

likely to be critical for tumor rejection (Zhang et al., 2003; 

Bukczynski et al., 2004; Cheuk et al., 2004). Also, 4-1BBL 

signaling make effector T cells resistant to regulatory T cells 

(Madireddi et al., 2012). Consistent with this hypothesis, 

adoptive transfer of T cells expressing 4-1BBL resulted in 

potent tumor rejection (Stephan et al., 2007). Systemic ad- 

ministration of agonistic anti-4-1BB monoclonal antibodies 

enhanced tumor immunity and tumor rejection in a murine 

melanoma tumor model (May et al., 2002; Vinay and Kwon, 

2012). We have previously shown that an oncolytic vaccinia 

virus expressing 4-1BBL had significant antitumor activity 

in a carcinoembryonic antigen transgenic murine carcinoma 

model (Kim et al., 2009). 

The ligand of OX40 (OX40L, CD252, TNFSF4) is not 

constitutively expressed but can be induced on professional 

antigen presenting cells (APC) (Webb et al., 2016). OX40L 

also promotes effector T cell expansion and survival, main- 

tenance of memory T cell, suppression of regulatory T cells 

(Croft et al., 2009; Deng et al., 2019). It has reported that 

combination therapy with OX40L fusion protein inhibit 

metastasis in mouse model (Malamas et al., 2017). 

In this study, we hypothesized that 4-1BBL or OX40L 

expression in tumor cells result in tumor growth inhibition as 

genetically modified tumor cells. To identify this hypothesis, 

we constructed a lentiviral vector containing two immune 

co-stimulatory molecules, 4-1BBL and OX40L, and estab- 

lished 4-1BBL or OX40L expressed tumor cell line to iden- 

tify anti-tumor effect of 4-1BBL or OX40L. 

 

MATERIALS AND METHODS 

Mice 

6~8 week old female Balb/c mice were purchased from 

OrientBio (Korea). Mice were housed and maintained under 

pathogen-free conditions and treated according to approved 

institutional protocols for animal care. 

Cell lines 

Lenti-X 293 T cell line were obtained from Clontech 

(Mountain View, CA), and were grown in DMEM containing 

10% Tet system approved FBS, 10 mM L-glutamine, 100 U/ 

mL Penicillin/streptomycin. CT26 mouse colorectal cancer 

cell lines were obtained from the American Type Culture 

Collection (Manassas, VA), and were grown in MEM con- 

taining 10% FBS, 10 mM L-glutamine, 100 U/mL Penicillin 

/streptomycin. 
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Construction of pLVX-puro 4-1BBl and pLVX-puro- 

OX40L 

pDC201-4-1BBL (ATCC 68682) were obtained from 

ATCC and pcDNA3.1-OX40L were obtained from Dr. 

Howard L. Kaufman. pCMV-βgal was obtained from Clon- 

tech. Each 4-1BBL (929 bp) (forward primer 5-ATGGAC- 

CAGCACACACTTGA-3, reverse primer 5-TCATTCCC- 

ATGGGTTGTCGG-3) or OX40L (667 bp) (forward primer 

5-GCTGTATCTCCTCTGCAGCCC-3, reverse primer 5- 

CGAGAAAGAACCTGTGTCCCG-3) gene was amplified 

by PCR and is inserted by pCR2.1-Topo vector (3,900 bp). 

pLVX-puro vector (8,102 bp) and Topo-4-1BBL gene is di- 

gested by EcoRI, and then is cloned into pLVX-puro vector. 

pLVX-puro vector and Topo-OX40L is digested by BamHI/ 

XbaI, and then is cloned into pLVX-puro vector. The final 

construct is named by pLVX-puro-4-1BBL (9,049 bp) or 

OX40L (8,857 bp). pLVX-puro vector and pCMV-βgal is 

digested by XhoI/XbaI, and then is cloned into pLVX-puro 

vector. pLVX-puro-β-gal was used by control vector (Fig 

1). Each gene inserted was confirmed by DNA sequencing. 

Producing Lentivirus from pLVX-puro 4-1BBl, -OX40L,  

and -β-gal 

Production of lentivirus is followed by Lenti-X lentiviral 

expression system user manual (Clontech). Briefly, approxi- 

mately 24 h before transfection, Lenti-X 293T cells (3×105 

cells/ 6 well plate, 5×106 cells/ 100 mm dish) were plated, 

and incubated at 37℃, 5% CO2. The various DNA amount 

and DNA;Xfect polymer ratio formulations were added onto 

the cells in serum-free media, which were then incubated 

further for 4 h. After transfection, the cell culture medium 

containing the lipoplexes was replaced with a fresh Tet 

System Approved FBS-containing medium and the trans- 

fected cells were incubated for an additional 48 h and har- 

vested the lentiviral supernatants and filtered through a 

0.45 μm filter to remove cellular debris. Virus production 

was verified with Lenti-X GoStixTM, then used the virus to 

transduce target cells, or aliquot and store at -80℃. 

C 

A B 

Fig. 1. Construction of Lentivirus vector with 4-1BBL and OX40L. A. PCR product of 4-1BBL (929 bp), OX40L (667 bp) from plasmid
DNA, B. pLVX-puro vector containing 4-1BBL, OX40L, and β-gal gene, C. Scheme of pLVX-puro vector. 
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Transducing CT26 cell line using Lenti-X virus con- 

taining 4-1BBL, OX40L, β-gal 

CT26 cells (5×106 cells) were plated in 100 mm dish at 

18 h before transduction. Thawed aliquots of lentiviral stock 

or fresh lentiviral stock prepared from packaging cells were 

mixed gently, and adjust various volume of lentiviral stock 

in the target cell to accommodate the addition of virus and 

polybrene (4 μg/mL) (Sigma-Aldrich). Dilute the lentiviral 

stock with medium. Prepared viral supernatant (total 3 mL) 

was added to the cells and transduced for 24 h. And then, 

the virus-containing transduction medium was removed and 

replaced it with fresh Tet system approved FBS-containing 

growth medium, and continued to incubate the cells for 48 h 

to allow gene product to express in the target cells and pro- 

ceed with selection using puromycin (10 μg/mL) for 2 weeks. 

Identification of 4-1BBL, OX40L, β-gal gene expression 

Lenti-X-4-1BBL, -OX40L transduced CT26 cells labeled 

with the following mAbs: allophycocyanin-conjugated CD4, 

F4/80, and phycoerythrin-conjugated 4-1BBL, OX40L and 

FITC-conjugated MHC class I. All antibodies were pur- 

chased from eBiosciences (San Diego, CA). Samples were 

acquired using a FACSCalibur flow cytometer and CELL- 

Fig. 2. Identification of transfection efficiency for Lentivirus production.  DNA:Xfect polymer were transfected into Lenti-X 293T cells. 
A. transfection efficiency dependent on medium volume in 100 mm dish (DNA:polymer ratio=1:1), B. transfection efficiency dependent 
on DNA amounts in 6 well plate (DNA:polymer ratio=1:1), C. transfection efficiency dependent on DNA;polymer ratio in 6 well plate 
(DNA = 2 μg). 

A 

B 

C 
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quest software. Lenti-X-β-gal transduced CT26 cells were 

identified by β-gal staining and microscopy. 

Tumor studies and statistical analysis 

CT26 mouse colorectal cancer cells (2×105) in 100 μL 

PBS were implanted subcutaneously on the right flank of 

Balb/c mice. Tumors were measured in two dimensions in a 

blinded fashion using calipers as follows: tumor area (mm3) 

= length × width × width. All experiments were repeated 

two or three times. The data are described as the means ±

SEM. The values were calculated by the Student's t-test. 

Each assay was performed by three independent experiments. 

P value (P<0.05) was defined as statistically significant. 

 

RESULTS 

Transfection efficiency for lentivirus production 

To identify the transfection efficiency of Xfect polymer 

for lentivirus production, various DNA amount, DNA: 

polymer ratio, or media volume were prepared and tested in 

Lenti-X-293 cells. After a 4 h transfection and an additional 

48 h incubation, β-gal expression in the cells was measured 

by a β-gal staining assay. As is shown in Fig. 2A, when 7 μg 

of pDNA complexed to the Xfect polymer (DNA:polymer 

ration=1:1) were added to Lenti-X293 cells in 100 mm dish, 

transfection efficiency of 3 mL media volume is superior 

to that of 10 mL media volume. When various amounts of 

pDNA complexed to the Xfect polymer (DNA/polymer 

ratio=1:1) were added in 6 well plates, β-gal expression 

was nearly maximal at 2 μg of pDNA and showed cell 

toxicity at higher DNA amount (Fig. 2B). When various 

amounts of Xfect polymer complexed to 2 μg DNA amount 

were added in 6 well plates to find the optimal ratio for in 

vitro transfection, β-gal expression was maximal at a 1:0.5 

ratio of DNA and polymer, and excess addition of polymer 

decreased the transfection efficiency (1:2.5 ratio of DNA: 

Fig. 3. Identification of transduction efficiency of Lenti-X-4-1BBL, -OX40L, and -β-gal. The various volume of lentiviral stock were 
transduced in CT26 cells and lentivirus transduced cells were selected by puromycin. Transduction efficiency were identified two week 
later. A. β-gal expression by β-gal staining, B. 4-1BBL and OX40L expression by FACS analysis 2 weeks after transduction. 

B 

A 
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polymer) (Fig. 2C). Under the same transfection conditions, 

media volume, appropriate DNA amount, DNA:polymer 

ratio, are important factor for the efficient transfection. 

Transduction efficiency of Lentivirus and identification 

of gene expression 

To identify the transduction efficiency of Lenti-X-4- 1BBL, 

-OX40L, -β-gal for production of genetically modified tumor 

cell, various volume of lentiviral stock were tested in CT26 

cells. β-gal expression of CT26 cell with β-gal gene (CT26- 

β-gal) was identified by β-gal staining at 48h after trans- 

duction. β-gal expression is shown to all volume of lentiviral 

stock, but transduction efficiency is very low. After puro- 

mycin (10 μg/mL) selection for 2 weeks, β-gal expression 

was nearly maximal at 200 μL volume of lentiviral stock 

(Fig. 3A). In case of CT26 cell with 4-1BBL (CT26-4-1BBL) 

or -OX40L (CT26-OX40L), gene expression is maximal at 

500 μL volume of lentiviral stock (Fig. 3B). All transduced 

cell was selected for additional 2 week using puromycin, 

we used CT26 cells with 100% gene expression for animal 

tumor model. 

Tumor growth pattern of genetically modified tumor cell 

To determine if genetically modified tumor cells with 

4-1BBL or OX40L could be used as cancer immunotherapy 

agent, we inoculated CT26-wildtype (CD26-WT), CT26- 

 

Fig. 4. Inhibition of Tumor Growth by Inocu-  
lation of gene modified tumor cells with 4-1BBL 
and OX40L. After subcutaneous implantation of 
CT26 cells (2×105 cell/100 μL PBS) with β-gal, 
4-1BBL, OX40L on the flank of Balb/c female 
mice, tumor size was measured every third day. 
A. tumor growth pattern of individual mice in 
each, B. The average tumor volume of each group. 
***: P<0.01 (compared to CT26-βgal). 

B 

CT26-βgal (n=9) 
A 
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β-gal, CT26-4-1BBL, CT26-OX40L cells into the flank of 

Balb/c mice. A small palpable tumor was generally present 

within 7 days. As expected, CT26-4-1BBL, CT26-OX40L, 

and CT26-4-1BBL+CT26-OX40L showed significant tumor 

growth inhibition when compared with CT26-WT or CT26- 

β-gal (P<0.0001; Fig. 4A). CT26-4-1BBL and CT26-4- 

1BBL+CT26-OX40L had an increase in tumor growth in- 

hibition compared with CT26-OX40L, although it is not 

significant. Furthermore, CT26-4-1BBL, CT26-OX40L, and 

CT26-4-1BBL+CT26-OX40L bearing mice had smaller 

tumors, and were shown to have complete regression (CT26- 

4-1BBL:4 tumor free mice, CT26-OX40L:2 tumor free mice, 

CT26-4-1BBL+CT26-OX40L:4 tumor free mice on day 42) 

(Fig. 4B). On the other hand, CT26-OX40L showed a tumor 

inhibitory effect, but compared with CT26-4-1BBL or CT26- 

4-1BBL+CT26-OX40L, was observed that the variation be- 

tween the mice is severe. 

 

DISCUSSION 
 

In this study, we demonstrate costimulatory molecules 

4-1BBL and OX40L were transferred into tumor cells using 

lentiviral gene transfer vectors to form genetically modified 

tumor cells and confirm whether the genetically modified 

tumor cells have tumor suppressive effects in tumor animal 

models. 

At first, we constructed pLVX-puro-4-1BBL, -OX40L, 

-β-gal vector and optimized the transfection efficiency for 

lentivirus production and transduction efficiency of Lenti- 

X-4-1BBL, -OX40L, -β-gal. The immune stimulation mole- 

cules 4-1BBL and OX40L genes were obtained in order to 

prepare genetically modified tumor cells, and plasmid DNA 

for making lentiviruses was obtained through gene recom- 

bination. This was confirmed through agarose electrophoresis 

and DNA sequencing (Fig. 1). 

For identification of transfection efficiency, transfection 

media volume, the amount of DNA and DNA:cationic poly- 

mer ratio were considered. In case of transfection media 

volume, the less volume of transfection media is superior to 

the more volume. In our hands, less than 3 mL of trans- 

fection media volume is not appropriate for transfection 

volume of 100 mm dish. The less transfection volume may 

be helpful to contact between DNA: cationic polymer com- 

plex and cell. In case of the amount of DNA, transfection 

efficiency is dependent on the amount of DNA, but more 

than 3 μg of DNA showed the cell toxicity. In case of DNA: 

cationic polymer ratio, transfection efficiency is dependent 

on the amount of cationic polymer, but more than 1:1 of 

DNA:cationic polymer ratio showed a decreased trans- 

fection efficiency. The transfection efficiency for lentivirus 

production is maximal at DNA: cationic polymer = 1: 0.5 

and DNA 2 μg (Fig. 2). Condition optimization of trans- 

fection efficiency is very important to efficient lentiviral 

production (Tang et al., 2015). 

Secondly, the lentivirus including 4-1BBL, OX40L, and 

β-gal was used to deliver CT26 mouse tumor cells to estab- 

lish optimal delivery conditions according to the volume of 

virus stock. In case of transduction of Lenti-X-β-gal, there 

is no difference of β-gal expression among various volume 

of viral stock. And, 2 weeks after transduction, β-gal expres- 

sion increased by volume dependent manner until 200 μL 

of volume, but decreased at 500 μL of volume (Fig. 3A). 

In case of transduction of Lenti-X-4-1BBL, or -OX40L, each 

gene expression increased by dependent on volume of viral 

stock. The transduction efficiency is maximal at 500 μL 

volume of lentiviral stock without change in cell shape or 

growth rate (Fig. 3B). These data showed that gene expres- 

sion by lentivirus transduction is various according to the 

type of gene. Optimal transduction efficiency should be 

established through various conditions and further studied. 

Finally, tumor growth pattern by inoculating genetically 

modified tumor cells (CT26-WT, CT26-beta gal, CT26-4- 

1BBL, CT26-OX40L) on Balb/c mice was confirmed. CT26- 

4-1BBL, CT26-OX40L, and CT26-4-1BBL+CT26-OX40L 

showed a significant tumor growth inhibitory effect compare 

to CT26 -WT, CT26-beta gal. On day 24, most of mice 

with CT26-WT or CT26-β-gal has tumor volume beyond 

1,000 mm3, but most of mice with CT26-4-1BBL or CT26- 

OX40L or CT26-4-1BBL+CT26-OX40L has no tumor vol- 

ume beyond 1,000 mm3. On day 42, all of mice with CT26- 

WT or CT26-β-gal has tumor volume beyond 2,000 mm3, 

but only 1 mice with CT26-4-1BBL and 3 mice of CT26- 

OX40L have tumor volume beyond 2,000 mm3. In case of 

mice with CT26-4-1BBL+CT26-OX40L, there was no mice 
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with tumor volume beyond 2,000 mm3. Even 20~50% of 

mice with CT26-4-1BBL or -OX40L or CT26-4-1BBL+ 

CT26-OX40L were completely regressed (Fig. 4). These data 

suggest that genetically modified tumor cells with costimula- 

tory molecule induces the inhibition of tumor cell growth. 

In this study, we developed the optimal condition for 

efficient lentivirus production and transduction, and identi- 

fied tumor growth inhibition of genetically modified tumor 

cell with co-stimulatory molecule 4-1BBL or OX40L. Be- 

cause it has been reported that 4-1BBL and OX40L has 

anti-tumor activity by various immune response including 

T cell, we should study the effect of immune response by 

4-1BBL and OX40L in the tumor growth inhibition. Also, 

the possibility of therapeutic cancer vaccine or preventive 

cancer vaccine of genetically modified tumor cells are further 

studied. 
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