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We have previously reported that genetically modified tumor cells with 4-1BBL have anti-cancer effects in a CT26 
mouse colorectal tumor model. In this study, genetically modified tumor cells with 4-1BBL were evaluated for their 

potential as candidates for preventive and therapeutic cancer vaccine. To identify the effect of preventive and therapeutic 
vaccine of genetically modified tumor cells with 4-1BBL, tumor growth pattern of CT26-4-1BBL as a cancer vaccine 
was examined compared to CT26-beta-gal. In therapeutic vaccination, CT26-WT was inoculated into mice and then 
vaccinated mice with doxorubicin (Dox)-treated CT26-beta-gal and CT26-4-1BBL (single or three times). Triple vaccination 
with Dox-treated tumor cell inhibited tumor growth compared to single vaccination. Vaccination with CT26-4-1BBL 
showed an efficient tumor growth inhibition compared to vaccination with CT26-beta-gal. For preventive vaccination, 

Dox-treated CT26-beta-gal and CT26-4-1BBL was vaccinated into mice with three times and then administered mice 
with CT26-WT. Preventive vaccination with CT26-4-1BBL showed no tumor growth. Preventive vaccination with CT26-
beta-gal also led to tumor-free mice. These results suggest that genetically modified tumor cells with 4-1BBL can be used 
as therapeutic or preventive cancer vaccine. 
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Cancer immunotherapy has many limitations. For example, 

cancer cells can avoid immune recognition (Kim and Cho, 

2022; Vinay et al., 2015). In addition, immunosuppression 

of the tumor microenvironment makes tumor elimination 

ineffective (Munn and Bronte, 2016; Tang et al., 2021). 

Despite these limitations, considerable progress has been 

achieved in the field of therapeutic and preventive cancer 

immunotherapy (Hollingsworth and Jansen, 2019; Kantoff 

et al., 2010; Kooreman et al., 2018; Lipson et al., 2015; 

Srivatsan et al., 2014). Cancer vaccines can utilize tumor-

associated antigens and tumor-specific antigens to activate 

immune system and induce both cellular immunity and 

humoral immune response to inhibit tumor growth and 

eradicate cancer cells. There are several cancer vaccine 

platforms, including cell-based vaccines (Jin and Wang, 

2021; Santos and Butterfield, 2018), peptide-based vaccines 

(Schneble et al., 2016), viral-based vaccines (Larocca and 

Schlom, 2011), and nucleic acid-based vaccines (Lopes et 

al., 2019). Among them, whole tumor cell-based vaccine is 

useful for obtaining a broad range of tumor-associated anti- 

gen or tumor-specific antigen for cytotoxic CD8 T cell acti- 

vation (Sadeghi Najafabadi et al., 2022). Dead tumor cells 

can induce adaptive immune response (Ullrich et al., 2008). 

However, dead tumor cells alone are not very effective as a 
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Fig. 1. Tumor growth patterns of therapeutic 
vaccination of CT26-4-1BBL. CT26-WT (wild-
type) was subcutaneously administrated (2×105 cell/
100 μL PBS) into the left flank of each mouse. Three
days later, doxorubicin-treated CT26-beta-gal and 
CT26-4-1BBL (2×105 cell/100 μL) were subcuta-
neously administrated into the right flank. Tumor size
was measured every third day. Single vaccination: 
(A) Tumor growth patterns of individual mice in 
each group, (B) Average tumor volume of each
group. Triple vaccination: (C) Tumor growth patterns
of individual mice in each group, (D) Average tumor
volume of each group. (E) Comparison of single 
vaccination and triple vaccination. *: P < 0.05. 
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vaccine (Jin and Wang, 2021). Modification of tumor cells 

could improve the efficacy of whole tumor cell vaccine. 

Genetically modified whole tumor cell strategies have been 

established using several immune-regulatory molecules such 

as interleukin-2 (Rosenberg, 2014), interferon α (Sartoris et 

al., 2011), granulocyte-macrophage colony-stimulating factor 

(Eager and Nemunaitis, 2005), and co-stimulatory molecule 

(Douin-Echinard et al., 2000) as adjuvants. We have pre- 

viously reported that 4-1BBL costimulatory molecule gen- 

etically modified tumor cell has an anti-tumor effect through 

cytotoxic CD8 T cells (Kim, 2019; Kim, 2021). 

In this study, we hypothesized that genetically modified 

tumor cells with 4-1BBL could be used as a therapeutic 

and preventive vaccine. To test this hypothesis, we analyzed 

tumor growth patterns of CT26 colorectal cancer cells. 

Six to 8-week-old Balb/c female mice were purchased 

from OrientBio (Korea). These mice were bred under 

pathogen-free conditions and maintained by approved in- 

stitutional animal care protocols. CT26 colorectal cancer cells 

were purchased from ATCC (the American Type Culture 

Collection, Manassas, VA, USA) and cultured in Dulbecco's 

modified Eagle's medium (DMEM) with 10 mM L-glu- 

tamine, 0.1% gentamicin, 100 U/mL penicillin/streptomycin, 

and 10% fetal bovine serum (FBS). Doxorubicin was pur- 

chased from Sigma (MO, USA). In therapeutic vaccination 

experiment, CT26-WT (wildtype) (2×105 cells/100 μL PBS) 

was subcutaneously administrated into the left flank of each 

Balb/c mouse. After 3 days, CT26-beta-gal and CT26-4-

1BBL (2×105 cells/100 μL) cells treated with doxorubicin 

at 25 μM overnight were subcutaneously administered into 

the right flank of each mouse. In preventive vaccination 

experiment, before subcutaneous implantation of CT26-WT 

tumor cells (2×105 cells/100 μL PBS) into the left flank of 

each Balb/c mouse, doxorubicin-treated CT26-beta-gal and 

CT26-4-1BBL cells were used for vaccination three times 

every three days. Tumor size was gauged in two dimension 

using calipers and tumor volume was calculated as follows: 

tumor area (mm3) = length × width2. Data are presented as 

the means ± SEM (standard error of mean). Significance of 

differences among tumor growth patterns of each group was 

determined using two-tailed Student's t-test and P < 0.05 

were considered significant. To determine the effect of vac- 

cination of genetically modified tumor cells, we examined 

tumor growth patterns of CT26-WT after therapeutic and 

preventive vaccination using CT26-beta-gal and CT26-4-

1BBL. After single therapeutic vaccination, tumor growth 

patterns of CT26-WT in mice vaccinated with doxorubicin-

treated CT26-beta-gal and CT26-4-1BBL were measured. 

Single vaccination with CT26-4-1BBL was significantly 

superior to that of CT26-beta-gal on day 24 (Figs. 1A and 

1B). There were two tumor regressed individual mice after 

single vaccination of CT26-4-1BBL (Fig. 1A, right panel). 

After triple therapeutic vaccination, both CT26-beta-gal 

and CT26-4-1BBL groups showed more inhibition of tumor 

growth compared to single vaccination of each group. Triple 

vaccination with CT26-4-1BBL also inhibited tumor growth 

compared to CT26-beta-gal, although such inhibition was 

not statistically significant (Fig. 1D). There was one tumor-

free mouse in each group after triple vaccination. There 

Fig. 2. Tumor growth patterns of preventive vaccination of 
CT26-4-1BBL. Before subcutaneous implantation of CT26-WT 
tumor cells (2×105 cell/100 μL PBS) into the left flank of each 
Balb/c mouse, doxorubicin-treated CT26-beta-gal and CT26-4-
1BBL cells were used to vaccinate mouse three times every third 
days. Three days after the last tumor cell vaccination, CT26-WT 
tumor cells were administered. Tumor size was measured every 
third day. 
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were two tumor-regressed individual mice in after CT26-4-

1BBL vaccination (Fig. 1C). Triple vaccination of CT26-4-

1BBL reduced tumor growth compared to single vaccination 

of CT26-4-1BBL (Fig. 1E). These data showed that gen- 

etically modified tumor cells with 4-1BBL could be used as 

therapeutic cancer vaccine and that the number vaccination 

would be a major factor to be considered as cancer vaccine. 

In preventive vaccination, triple vaccination with doxorubicin 

-treated CT26-beta-gal or CT26-4-1BBL was conducted 

before CT26-WT tumor cell administration. There were three 

tumor-free mice after CD26-beta-gal preventive vaccination. 

It means that allogenic dead tumor cells could induce anti-

tumor effect through immune response. After CT26-4-1BBL 

preventive vaccination, all individual mice had no tumor 

growth (Fig. 2). It means that 4-1BBL could act as a potent 

immune-stimulant after preventive vaccination. In this study, 

we analyzed tumor growth patterns of genetically modified 

tumor cells with 4-1BBL through preventive and thera- 

peutic ways and showed the possibility of developing cancer 

vaccine using genetically modified tumor cells with 4-BBL. 

In the future, we will investigate the vaccine effect of genet- 

ically modified tumor cell with additional gene and identify 

the immune mechanism involved in the effect of cancer 

vaccine. 
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