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Abstract: We have developed an approach to reprogramming immune cells by inhibiting the 

MAPK/ERK pathway through MEKi and the PD-1/PD-L1 immune checkpoint signaling pathway. 

We hypothesized that reprogramming of spleen CD8+ T-cells could also create a population of im-

mune cells with high antitumor activity. We reprogrammed CD8+ T-cells derived from the spleen 

of C57BL/6 mice (rsCD8+T-cells). In orthotopic LLC model, cell therapy with rsCD8+T-cells increased 

the amount of proliferating CD8+ and CD4+ T-cells in blood and lung tissue from mice. The amount 

of cancer stem cells (CSC) decreased in the blood and lung of mice treated with rsCD8+ T-cells. A 

morphological study revealed a decrease in the number of metastases in the lung tissue. The anti-

tumor effects of rsCD8+T-cells are based on the activation of the host immune response by increasing 

the populations of CD8+ and CD4+ T-cells and apoptosis of CSCs. 

Keywords: reprogrammed spleen CD8+ T-cells; Lewis lung carcinoma; cancer stem cell; CD8+ and 
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1. Introduction 

Despite advances in therapeutic strategies, our understanding of risks, and its im-

munologic control, lung cancer is the second most common malignancy [1]. Understand-

ing the mechanisms of immunosuppression development has formed the basis for mod-

ern cancer immunotherapy. Immunotherapy successfully is used in the cancer treatment 

in the last time. However, some immunotherapies, including immune checkpoint inhibi-

tors, have demonstrated limited efficacy in solid tumors [2]. It is noted that additional 

activation of the immune system after immunotherapy increases the risk of developing 

autoimmune diseases [2]. Reprogramming T-cell metabolism is critical for enhancing the 

antitumor immune response. However, the immunotherapy has been mainly on CD8 T-

cells, because they can directly kill cancer cells [3]. In recent years, role of CD4 T-cells in 
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anti-tumor immunity have received more attention. However, the exact mechanism is less 

clear. 

With the advent of different reprogramming strategies mediated it was be interesting 

to investigate whether reprogramming can be used to induce activity of CD8+T-cells from 

unsimilar tissues. We have previously shown that reprogrammed CD8+T-cells isolated 

from mouse bone marrow have high cytotoxicity and anti-tumor effects [4]. It has been 

proposed that spleen T-cell reprogramming could be used to rejuvenate exhausted CD8+ 

T-cells too. In the this study, we assessed the effects of cell therapy with reprogrammed 

CD8+ T-cells isolated from spleen (rsCD8+ cells) in an Lewis lung cancer (LLC) orthotopic 

lung tumor. 

2. Materials and Methods  

2.1. Animals 

8-10 week old male С57BL/6 mice (nursery of the Experimental BioModels Depart-

ment of the Tomsk National Research Medical Center) were selected.  

2.2. Lewis Lung Carcinoma Cell Line and Tumor model 

Lewis lung cancer (LLC) cells were purchased from the CLS Cell Lines (Service, 

GmbH, Germany) [4]. The orthotopic model of LLC was described previously [4]. The d7 

after LLC cell implantation animals were euthanized. 

2.3. Isolation of Mononuclear Cells 

Mononuclear cells from blood, lungs and spleen were isolated as described previ-

ously [4,5]. 

2.4. Flow Cytometry 

The surface markers and intracellular receptors on mononuclear cells derived from 

blood and lungs was analyzed by flow cytometry [4]. The cell suspension was stained 

with fluorophore-conjugated monoclonal antibodies: CD3 PerCP, CD4 FITC, CD8 BV510, 

CD44 APC-Cy™7, CD62L APC, CD90 APC, EGF (F4/80) Alexa Fluor®  647, CD274 (PD-

L1) PE, CCR7 PE, CD279 (PD-1) BV421, and for the intracellular staining Sox2 PE and Ki-

67 APC (all - BD Biosciences, San Jose, CA, USA). The relevant isotype controls were used. 

FACSCanto II flow cytometer with FACSDiva software was used for analysis.  

2.5. Magnetic Separation of CD8+ T-cells 

The magnetic sorting of mononuclear cells from the spleen was performed using 

EasySepTM Mouse Naive CD8+ T-Cell Isolation Kit (StemCell Technologies, Canada).  

2.6. Reprogramming of Spleen CD8+ T-cells 

The CD8+ T-cells isolated from spleen were reprogrammed as described earlier [4]. 

The reprogramming of CD8+T-cells was performed using monoclonal antibodies 

nivolumab (Bristol-Myers Squibb Company, New York, NY, USA) and MEK1/2i (Sigma-

Aldrich, St. Louis, MO, USA). To evaluate the population stability was carried out in vitro 

exhaustion of rsCD8+ T-cells [3].  

2.7. CD8+ T-cells Injection 

To assess the migration of rsCD8+ T-cells into the lungs of mice with LLC, CFSE-

labeled rsCD8+T-cells were injected intravenously at 106 cells in 0.1 ml of PBS per dose. 

The rsCD8+ T-cells were stained by CFSE as described earlier [4]. To assess the antitumor 

and antimetastatic activity, rsCD8+T-cells were injected intravenously to mice with LLC 

(1 × 106 cells in 0.1 ml of PBS per dose) on the d4 and d6 after LLC implantation. 
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2.8. Detection of the CCR7 Expression, Cytotoxicity and Apoptosis of rsCD8+T-cells in Vitro 

Cytation 5 instrument with Gen5™ data-analysis software (BioTek, Germany) was 

used for analysis of cells images as described earlier [4]. The CCR7 expression on CD8+ T-

cells, cytotoxicity and apoptosis of rsCD8+ T-cells were studied as described previously 

[4].  

2.9. Histology of the Lungs 

Histological examination of lung was carried on d7 as described previously [4,6].  

2.10. Assessment of Tumor Growth 

The effect of cell therapy with rsCD8+ cells on the growth of LLC was evaluated by 

statistical comparison of the tumor nodes volume in the control and experimental groups 

at the d7, according to the tumor growth retardation and tumor growth inhibition index 

(TGII) [4,7]: 

ТGII= (Vc—VO)/Ve×100%  

where Vc and Ve—the average volumes of the nodes in the control and experimental 

groups. 

2.11. Assessment of Tumor Volume 

Tumor dimensions were measured by digital calipers at d7, and the tumor volume 

was calculated as follows [8]:  

V = π/6 × length × width × height  

2.12. Statistical Analysis 

Data are presented as mean ± SEM. Differences between groups were identified using 

Mann–Whitney test by the SPSS 12.0 software. Under all circumstances, p<0.05 was con-

sidered significant.  

3. Results  

3.1. Study of Detection of the CCR7 Expression, Cytotoxicity, and Apoptosis of rsCD8+T-cells in 

Vitro 

The rsCD8+ T-cells had higher expression levels of chemokine receptor CCR7 than 

naive spleen CD8+ T-cells in CD8+ T-cell culture (Figure S1). The CCR7 expression by 

rsCD8+ T-cells did not change after the exhaustion, which indicates that the changes in-

duced by the MEKi and nivolumab are stable (Figure S1). The rsCD8+ T-cells were more 

resistant to the cytotoxic effect of LLC cells than the naive spleen CD8+ T-cells. The rsCD8+ 

T-cells are more stable under cultivation: the apoptosis level of rsCD8+ T-cells was more 

in 2 times higher than naive spleen CD8+T-cells. Cytotoxicity of rsCD8+ T-cells was higher 

than cytotoxicity of naive spleen CD8+ T-cells in the same ratios (Figure S2). 

3.2. Migration of rsCD8+ T-cells Isolated from Mouse Spleen into the Lungs of Mice with LLC 

RsCD8+ T-cells migrated actively to the lungs of mice with LLC 60 min after intrave-

nous injection of CFSE-labeled rsCD8+ T-cells. 

3.3. Lung Histology and Tumor Growth after Cell Therapy with rsCD8+ T-cells 

3.3.1. Lung Histology 

We evaluated the lung histology on d7 in response to treatment with LLC injection. 

Vehicle-treated lung of mice displayed the lung tumors characterized by scattered tumor 

cells with cellular and nuclear polymorphism. Multinucleated giant cells are organized in 

clusters or aligned along the alveolar walls (Figure 1). The histological picture of the lungs 
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from tumor-bearing mice treated with rsCD8+T-cells only displayed growth deceleration, 

but not regression of tumor (Figure 1c), showed a decrease in the number of tumor emboli 

in the vessels, and perivascular and peribronchial metastases.  

 

Figure 1. Representative hematoxylin-eosin staining of tissue sections from (a) mice of intact control; 

(b) mice with LLC; (c) mice with LLC treated with rsCD8+T-cells on d7. ×400. Scale bar 10 μm. 

3.3.2. Tumor Growth 

The rsCD8+T-cell therapy caused an increase in TGII. The value of TGII after cell ther-

apy with rsCD8+T-cells was 54.7 %. Moreover, we observed an increase in tumor volume 

and the average number of metastases (Table 1). 

Table 1. The effect of cell therapy with rsCD8+ T-cells on tumor growth in mice with LLC on d7 

(M±m). 

Values/parameters  Intact Control  LLC rsCD8+T-cells  

Tumor volume, mm3 0 4.72±2.85 # 2.09±0.09 #,* 

The average number of 

metastases  
0 2.60±0.35 #,1 0.17±0.17#,* 

1—Differences are significant in comparison; #—with intact control by Mann–Whitney test (p < 0.05); 

*—with pathological control by Mann–Whitney test (p < 0.05). 

3.4. The rsCD8+ T-cells Change the amount of Cancer Cells and Cancer Stem Cells in the Lungs 

and Blood of Tumor-bearing Mice 

We observed a significant increase in the number of CSCs with different phenotypes 

in the lungs of tumor-bearing mice on the d7 after LLC injection: EGF+Sox2+, CD44+Sox2+, 

CD274+Ki67+ (Figure S3). At the same time, the all populations of cancer cells were in-

creased in the blood of tumor-bearing mice compared to mice of intact control. The rsCD8+ 

T-cells injection significantly reduced the number of cancer cells and CSCs population 

(EGF+Sox2+, CD44hiCD90+Sox2+, CD90+Sox2+, CD279+Ki67+) in the lungs and blood of tu-

mor-bearing mice on the d7 (Figure S3). However, the population of proliferating CD274+ 

cells in the lung was increased after rsCD8+ T-cell injection. At the same time, the number 

of CD44+Sox2+ cells in the blood and the amount of CD44hiCD90+ cells in the lung were 

changed weakly. 

3.5. Effect of rsCD8+ T-Cells on the Content of CD8+ T-cells in the Lungs and Blood of Tumor-

bearing Mice 

It was shown the frequency of circulating T-cells was significantly decreased in pa-

tients with cancer versus normal controls [9]. We observed a reduce in the different CD8+ 

T-cells populations in the blood of tumor-bearing mice compared with mice without LLC 

on the d7: CD3+CD4-CD8+, CD3+CD8+PD-1(CD279)+, CD3+CD8+PD-L1+, CD3+CD8+PD-

1(CD279)hi, CD8+CCR7+, CD8+CD62L−CD44+, CD8+CD62LhiCD44low, and CD8+CD62+CD44+ 

(Figure S4). At the same time, the amount of proliferating CD8+T-cell populations with 

phenotype CD3+CD4-CD8+ and CD3+CD8+PD-1(CD279)+ increased in the blood of tumor-

bearing mice. The rsCD8+T-cells administration caused an increase in a significant number 

of CD8+T-cell populations (CD8+CCR7+, CD3+CD4-CD8+Ki67+, CD3+CD8+PD-1(CD279)+, 



Med. Sci. Forum 2023, 3, x 5 of 11 
 

 

and CD3+CD8+PD-L1+) in the blood of tumor-bearing mice compared to tumor-bearing 

mice without treatment. 

We detected an growth of CD8+ T-cells migration from the blood to the lungs in re-

sponse to tumor and exhaustion of CD8+ T-cells pool under tumor formation on d7 

(CD3+CD4-CD8+, CD3+CD8+PD-1(CD279)+, CD3+CD8+PD-L1+, CD3+CD8+PD-1(CD279)hi, 

CD8+CCR7+, CD8+CD62LhiCD44low, and CD8+CD62L+CD44+) (Figure S4). The exception 

was proliferating CD3+CD4-CD8+ T-cells, effector T-cells (CD8+CD62LlowCD44hi), whose 

number significantly decreased in the lungs of mice with LLC. After rsCD8+T-cell therapy, 

the CD8+T-cell population in the lungs of tumor-bearing mice was lower in comparison 

with the mice with LLC without treatment (Figure S4). At the same time, populations of 

proliferating CD3+CD4-CD8+ cells and effector CD8+T-cells (CD8+CD62LhiCD44low and 

CD8+CD62L+CD44+) in the lung were increased after rsCD8+ T-cell injection. 

3.6. Effect of rsCD8+ T-cells on the Content of CD4+ T-cells in the Blood and Lungs of Tumor-

bearing Mice 

The LLC model caused a significant decrease in the number of CD4+ T-cells with dif-

ferent phenotypes in the mouse blood on the d7: CD3+CD4+CD8-, CD3-CD4+, 

CD3+CD4+CD8+, CD3+CD4+PD-1(CD279)+, CD3+CD4+PD-L1+, and proliferating 

CD3+CD4+PD-1(CD279)+ (Figure S5). Administration of rsCD8+T-cells caused an increase 

in a significant number of CD4+T-cell populations (CD3-CD4+, CD3+CD4+CD8+, 

CD3+CD4+PD-L1+, CD3+CD4+PD-1+, proliferating cells: CD3+CD4+PD-1+ and 

CD3+CD4+CD8-) in the blood of mice with LLC compared to untreated mice with LLC (d7). 

At the same time, the content of CD3+CD4+CD8- cells decreased even more during treat-

ment in the blood. 

We observed a significant decrease in the number of CD4 T-cells with different phe-

notypes in the lungs of mice on the d7: CD3+CD4+CD8-, CD3-CD4+, CD3+CD4+CD8+, 

CD3+CD4+PD-1(CD279)+, and proliferating CD3+CD4+CD8- and CD3+CD4+PD-1(CD279)+ 

cells (Figure S5). However, we observed an increase double-positive CD3+CD4+CD8+ T-

cells, the population of Treg (CD3+CD4+PD-1+) and CD3+CD4+PD-L1+ cells in the lungs of 

tumor-bearing mice compared to mice without tumor on the d7. The rsCD8+ T-cells injec-

tion significantly reduced the number of T-cells with phenotype CD3+CD4+CD8+, 

CD3+CD4+PD-L1+, CD3+CD4+CD279+ and proliferating CD3+CD4+ CD279+ cells in the 

lungs. At the same time, the number of CD4+ T-cell populations with phenotype 

CD3+CD4+CD8-, CD3-CD4+ and proliferating CD3+CD4+CD8- increased in the lungs of mice 

with LLC. We clarify this by increased migration of these populations of CD4+ T-cells from 

the blood to the lungs in response to rsCD8+T-cells administration.  

5. Conclusions 

Prior studies [4,5] have analyzed the impacts of reprogramming by MEKi and block-

ade of the PD-1 on activity of CD8+T-cells derived from bone marrow or blood. In this 

study we observed that reprogramming induced the activity of CD8+T-cells isolated from 

spleen. We presented evidence that reprogramming may have favorable CD8+T-cells im-

pacts and enhances the antitumor activity of CD8+T-cells in the LLC orthotopic model. 

This strategy generated CD8+T-cells with higher efficacy for cell therapy. The effect of 

rsCD8+T-cell therapy has been associated with the activation of the host immune response 

by increasing the populations of CD8+ and CD4+ T-cells in mice, and the effect of rsCD8+T-

cells and mouse effector CD8+ T-cells on cancer cells and CSCs.  

Supplementary Materials: The following supporting information can be downloaded at: 

www.mdpi.com/xxx/s1, Figure S1: The amount of CCR7+CD3+CD8+T-cells in a culture of naive, 

reprogrammed, exhausted reprogrammed CD8+ T-cells derived from the spleen; Figure S2: Cyto-

toxicity and apoptosis of naive and reprogrammed spleen CD8+ T-cells in culture of LLC cells; Fig-

ure S3: The amount of cancer cells and cancer stem cells in the mouse lung and blood on d7; Figure 
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S4: The effect of rsCD8+ T-cell-therapy on CD8+ T-cell amount in mouse lung and blood on d7; Figure 

S5: The effect of rsCD8+ T-cell-therapy on CD4+ T-cell amount in the mouse lung and blood on d7. 
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Supplementary Materials 

 

Figure S1. The amount of CCR7+CD3+CD8+T-cells in a culture of naive, reprogrammed, exhausted reprogrammed CD8+ 

T-cells derived from the spleen. (a) The amount of naive, reprogrammed, and exhausted reprogrammed CD8+ T-cells 

of the spleen of C57BL/6 mice expressing the CCR7 marker in T-cell culture; (b) Representative T-cells staining in culture. 

Nuclei were stained with Hoechst (blue), CD8 FITC (green), CCR7 AF555 (red); and (Hoechst+CD8+CCR7) composite 

image using all three colors. 20×. All scale bars are 1000 µm. Determination of the percentage of cells CD3+CD8+CCR7+ 

was made by assessing the ratio of cells counted in green and red channel to total cells counted in the blue (DAPI) 

channel. *—for comparison with the naive spleen T-cells by Mann–Whitney test (p < 0.05). 
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Figure S2. Cytotoxicity and apoptosis of naive and reprogrammed spleen CD8+ T-cells in culture of LLC cells. (a) The 

count of apoptotic tumor LLC cells after co-cultivation with reprogrammed spleen CD8+ T-cells (% from dead cells of 

LLC culture); (b) The count of apoptotic tumor LLC cells after cocultivation with spleen CD8+ T-cells (% from added 

cells); (c) Hoechst (blue) to identify cell nuclei; 7AAD (red); (Hoechst+7AAD+) composite image using all two colors. 

Determination of the percent of died cells of LLC Hoechst+7AAD+ was made by assessing the ratio of cells counted in 

blue and red channel to total cells of LLC without green channel. All scale bars are 1000 μm. * - for comparison with 

naive CD8+ T-cell by Mann–Whitney test (p < 0.05). 
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Figure S3. The amount of cancer cells and cancer stem cells in the mouse lung and blood on d7 (% of total mononuclear 

cells number). The phenotype of cancer cells and cancer stem cells: EGF+Sox2+, CD44+Sox2+, CD44hiCD90+, 

CD44hiCD90+Sox2+, CD90+Sox2+, CD279+Ki67+, CD274+Ki67+. *—for comparison with the intact group by Mann–Whitney 

test (p < 0.05); #—for comparison with the mice with LLC by Mann–Whitney test (p < 0.05). 
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Figure S4. The effect of rsCD8+ T-cell-therapy on CD8+ T-cell amount in mouse lung and blood on d7 (% of total 

mononuclear cells number). Phenotype of CD8 cells: CD3+CD4-CD8+, CD3+CD8+CD-274+, CD3+CD8+CD279+, 

CD3+CD8+CD279hi, CD8+CCR7+, CD8+CD62L−CD44+, CD8+CD62LhiCD44low, CD8+CD62L+CD44+, CD3+CD4-CD8+Ki67+ 

and CD3+CD8+CD279+Ki67+. *—for comparison with the intact group by Mann–Whitney test (p < 0.05); #—for 

comparison with the mice with LLC by Mann–Whitney test (p < 0.05). 
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Figure S5. The effect of rsCD8+ T-cell-therapy on CD4+ T-cell count in mouse blood and lung on d7 (% of total 

mononuclear cell number). Phenotype of CD4+ T-cells: CD3-CD4+, CD3+CD4+CD8+, CD3+CD4+CD274+, CD3+CD4+CD279+, 

CD3+CD4+CD8-, CD3+CD4+CD279+Ki67+ and CD3+CD4+CD8-Ki67+. *—for comparison with the intact group by Mann–

Whitney test (p < 0.05); #—for comparison with the mice with LLC by Mann–Whitney test (p < 0.05). 

 

 


