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Expression of the reverse transcriptase domain of telomerase reverse transcriptase induces 

lytic cellular response in DNA-immunized mice and limits tumorigenic and metastatic 

potential of murine adenocarcinoma 4T1 cells   

 

Presenting author: Maria Isaguliants1 

Co-authors   Jansons Juris 1,2*, Bayurova Ekaterina 3,4*, Kurlanda Alisa1, Fridrihsone 

Ilze1, Kostyshev Dmitry5, Kostysheva Anastasia5, Artyuhov Alexander6, Dashinimaev Erdem6,7, 

Avdoshina Darya4, Kondrashova Alla4, Valuev-Elliston Vladimir8, Latyshev Oleg3, Eliseeva 

Olesja3, Petkov Stefan9, Abakumov Maxim3,10,11, Hippe Laura1, Kholodnyuk Irina1, Starodubova 

Elizaveta7, Gorodnicheva Tatiana12, Skrastina Dace2, Gordeychuk Ilya3,4,13  

 

1. Department of Research, and Department of Pathology, Pathology, Rīga Stradiņš University, 

Riga, Latvia; Juris.jansons@rsu.lv (JJ); alisa.kurlanda@rsu.lv (AK); ilze.fridrihsone@rsu.lv 

(IF); laura.hippe@rsu.lv (LH); irina.holodnuka@rsu.lv (IH); maria.issagouliantis@rsu.lv (MI). 

2. Latvian Biomedical Research and Study Centre, Riga, Latvia; jansons@biomed.lu.lv (JJ); 

daceskr@biomed.lu.lv (DS). 

3. N.F. Gamaleya National Research Center for Epidemiology and Microbiology, Moscow, 

Russia; 79153645941@ya.ru (EB); oleglat80@mail.ru (OL); olesenka80@mail.ru (OE); 

lab.gord@gmail.com (IG). 

4. Chumakov Federal Scientific Center for Research and Development of Immune-and-Biological 

Products of Russian Academy of Sciences, Moscow, Russia; darya_avdoshina@mail.ru 

(DA); varyaw96@gmail.com (AK); 79153645941@ya.ru (EB); lab.gord@gmail.com (IG) 

5. National Medical Research Center of Tuberculosis and Infectious Diseases, Ministry of Health, 

Moscow 127994, Russia. dkostushev@gmail.com (DK); kostyusheva_ap@mail.ru (AKos);    

6. Center for Precision Genome Editing and Genetic Technologies, Pirogov Russian National 

Research Medical University, Moscow, Russia; alexanderartyuhov@gmail.com (AA); 

dashinimaev@gmail.com (ED) 

7. Koltzov Institute of Developmental Biology of Russian Academy of Sciences, Moscow, Russia.; 

dashinimaev@gmail.com (ED); 

8. Engelhardt Institute of Molecular Biology, Russian Academy of Sciences, Moscow, Russia; 

gansfaust@mail.ru (VVE); estarodubova@yandex.ru (ES). 

9.  Department of Microbiology, Tumor and Cell Biology, Karolinska Institutet, Stockholm, 

Sweden; Stefan.petkov@ki.se (SP); maria.issagouliantis@ki.se (MI); 

10. National University of Science and Technology MISIS, Moscow, Russia; 

abakumov1988@gmail.com (MA); 

11. Pirogov Russian National Research Medical University, Moscow, Russia; 

abakumov1988@gmail.com (MA); 

12. Evrogen, Moscow, Russia; tatiana.gorod@evrogen.ru (TG). 

13. Sechenov First Moscow State Medical University, Moscow, Russia; lab.gord@gmail.com (IG). 

Telomerase reverse transcriptase (TERT) is a classic tumor-associated antigen overexpressed in 

majority of tumors. Several TERT-based cancer vaccines employing peptides, DNA and CAR 

technology are currently in preclinical or clinical trials. The most successful offer partial immune 

control of tumor growth, but the immune correlates of anti-tumor activity remain largely unknown. 

We aimed to develop DNA vaccine based on TERT of rat, to overcome immune tolerance, and 

characterize fine specificity and lytic potential of anti-TERT immune response in a mouse model. 

TERT gene optimized for expression in mammalian cells was designed, synthesized and cloned 

into DNA vaccine vector as such (TERT DNA) or with hemagglutinin tag (TERT-HA DNA). 
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Groups of BALB/c mice (n=5) received TERT DNA, or TERT-HA DNA or empty vector in prime, 

and same DNA mixed with plasmid encoding firefly luciferase (Luc DNA) in boost. DNA was 

delivered by intradermal injections followed by electroporations. Photon emission from booster 

sites was assessed by in vivo bioluminescent imaging. Two weeks post boost, mice were sacrificed, 

their CD4+ and CD8+ T cells were assessed by flow cytometry for production of IFN-γ, IL-2 and 

TNF-α in response to stimulation with TERT-derived peptides. Mouse sera were screened for 

antibodies against the peptides and recombinant reverse transcriptase (RT) domain of TERT 

(rtTERT). In 12 days after the boost, photon emission from injection sites in TERT/TERT-HA 

DNA immunized mice declined 100-fold compared to that in the vector-immunized mice, 

indicating elimination of TERT/Luc-expressing cells. By experimental end-point, all 

TERT/TERT-HA DNA-immunized mice developed strong cellular and antibody response against 

epitopes located at the N-terminus of TERT and rtTERT domain. IFN-γ/IL-2, IFN-γ/TNF-α and 

IFN-γ/IL-2/TNF-α production by CD8+ and CD4+ T cells specific to rtTERT peptides correlated 

with the loss of bioluminescence from booster sites pointing at the immune clearance of 

TERT/Luc-coexpressing cells. DNA encoding rtTERT was recloned into lentiviral vector, further 

used to transduce murine adenocarcinoma 4T1luc2 cells. Expression of rtTERT by 4T1luc2 

tumors reduced tumor growth and metastatic activity of 4T1luc2 cells. Murine mammary gland 

adenocarcinoma 4T1luc2 cells are highly aggressive, forming large tumors and numerous 

metastases in multiple organs of syngenic BALB/c mice. Growing tumors induce strong CD4+ 

and CD8+ T cell response against autoepitopes of telomerase reverse transcriptase (TERT), 

positively correlating with tumor growth. Expression by murine adenocarcinoma cells of the 

reverse transcriptase domain of telomerase reverse transcriptase (rtTERT) of rat significantly 

reduced their capacity to form tumors and generate metastasis, while not affecting their in vitro 

growth. Mice with restricted growth of rtTERT-expressing tumor cells mounted immune response 

against CTL epitopes of rtTERT and suppressed autoimmune T-helper and CTL response to 

autoepitopes of murine TERT. This advances RT domain as a key component of therapeutic cancer 

vaccines based on TERT. Acknowledgements LZP 2018/2-0308, and RFBR grants 17-54-30002 

and 20_04_01034.  

 

 


