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1.1 Overview 

Cancer refers to a disease caused by an abnormality in the mechanism of cell differentiation 

and proliferation. Cancer cells proliferate abnormally, and these proliferating cells may invade 

other parts of the body tissue. Traditional Chinese medicine names it as rock (simplified 

Chinese:岩; pinyin: yan). There are more than one hundred kinds of cancer in humans. 

Radiation therapy and chemotherapy have been used to directly inhibit cancer growth over the 

past few decades. While they are killing cancer cells, radio- or chemo therapies also induce 

DNA damage of the remaining healthy cells simultaneously. That will cause serious side effects 

such as the increased potential for permanent damage and susceptibility to infection to kidney, 

liver, and other endocrine organs. Therefore, it is necessary to develop several different new 

anti-tumor therapies which could prevent unwanted side effects. For cancer patients, 

immunotherapy is now becoming a promising therapeutic option.  

In immunotherapy, the disease is treated by medicine that could induce, enhance, or suppress 

an immune response. Activation immunotherapies are classified as an elicited or enhanced 

immune response, while suppression immunotherapies are defined as reduced or suppressed 

immune response. In the past decades, some novel immunotherapies have revolutionized the 

treatment of a variety of cancers, such as solid tumor and leukemia. Currently, several types of 

immunotherapies are being developed or used in the clinic, including anti-cancer vaccines, 

Chimeric antigen receptor (CAR)-engineered T cell therapy (CAR-T)1, immunomodulatory 

antibodies and inhibitors of immunosuppressive metabolism such as co-stimulatory antibodies 

and checkpoint blockers2 and oncolytic-viruses3,4. 

It is critical to rationally design combination strategies in some cancer treatments. These 

combination therapies will increase and extend efficacy to a larger proportion of the patients. 

For example, the combination of anti-programmed cell death protein 1 (PD1) antibody and anti-
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cytotoxic T lymphocyte-associated antigen 4 (CTLA4) immune checkpoint inhibitors 

essentially increase the cytotoxic T cells in certain patients with metastatic melanoma5. 

 

1.2 Tumor-Infiltrating Cells 

Cancers are not just masses of abnormal proliferating cells but also abnormal growing organs. 

The disturbance of growth is characterized by an unceasing, abnormal and excessive 

proliferation of cells. Many other cells are recruited in the tumor environment (TEM) and can 

be corrupted by the transformed cells. TEM is produced by the interaction between malignant 

and non-transformed cells6. 

Intercellular communication is mainly driven by a complex and dynamic network of cytokines, 

chemokines, growth factors, and matrix enzymes, and against a background of major 

perturbations to the physical and chemical properties of the tissue. A common feature of many 

TMEs suggests that targeting non-malignant cells or their communication mediators can be 

applied to different tumor types and complete other treatment options. 

In addition to malignant cells, TME also contains immune system cells (play a critical role of 

immune activation), tumor vasculature and lymphatic cells (supply nutrients to the tumor), 

fibroblasts and pericytes. Some representative immune cells are discussed in detail below (Fig. 

1.1). These cells can be distinguished by different cell type markers, which are specific for cell 

surface molecules. Balkwill et al. divide the cell type into three categories: Lymphatic 

endothelial cell, T lymphocyte and B lymphocyte. Some of the most common and informative 

tags are detailed below7(Fig. 1.1). 
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1.2.1 Cancer-associated fibroblasts 

Fibroblast is a type of biological cell that synthesizes and maintains the extracellular matrix and 

collagen of many animal tissues. It provides a structural framework (stroma) for animal tissues 

and plays a very important role in wound healing. Fibroblasts are the most common cells of 

connective tissue in animals. 

If animal tissues are injured and formatted wound, the residential fibroblasts of wound 

proliferate and differentiate into myofibroblasts in response to paracrine signals8. The induction 

of myofibroblasts could cause organ fibrosis also, which enhances the chance of cancer 

development and formation9,10. Myofibroblasts are abundant in plenty of tumor 

microenvironments and they are also called cancer-associated fibroblasts (CAFs) 11.  

CAFs could derive from multiple resident precursor cells, such as myoepithelial cells, 

endothelial cells, smooth muscle cells and mesenchymal stem cells12-15. CAFs can secrete 

growth factors to the extracellular fluid. These growth factors are very critical to vascular 

Figure 1.1: Cells of the tumor microenvironment 

Balkwill, F. R; et al. J cell Sci. 2012 
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structure, such as fibroblast growth factor (FGFs), hepatocyte growth factor (HGF), insulin-like 

growth factor 1 (IGF1), and the epidermal growth factor (EGF) family members which are 

mitogenic for malignant cells12-15. CAFs are known to be significant in the inflammatory 

response as well as immune suppression in tumors. Fibroblast-produced CXCL12 chemokine 

could promote the growth and survival of malignant cells. CXCL12 chemokine also has 

chemoattractant properties that stimulate migration of the other stromal cell types and their 

progenitors into the TME16. Fibroblasts secrete TGF-b, which could induce epithelial–

mesenchymal transition (EMT) in malignant cells and EMT could contribute to the immune-

suppressive microenvironment17. In breast, skin and pancreatic tumors of mouse models, CAFs 

show a proinflammatory gene signature, which contributes to the improvement of tumor growth 

by recruitment of immune cells, such as Dendritic cells, T cell and B cells, and enhancement of 

neovascularization16. The transcription factor NF-kB could abolish these tumor-promoting 

effects, in stromal cells, the NF-kB inflammatory signaling pathway plays an important role in 

tumor progression17.  

Another major function of fibroblasts to the composition of the TME is ECM components 

secretion and ECM remodeling enzymes17. The ECM remodeling is a range of changes in the 

ECM owing to enzyme activity which can result in degradation of the ECM. The ECM 

remodeling largely determines tumors immune regulation because the ECM is in charge of 

regulating various functions, such as proliferation, differentiation, and morphogenesis of vital 

organs18. In multiple tumor types, especially those tumor types which are related to the 

epithelial cells, ECM remodeling is a really common phenomenon. For instance, ECM 

components derived from CAF include Tenascin and Thrombospondin-1 (TSP-1), which can 

be found in sites of carcinomas and chronic inflammation respectively19. 

In some tumor types, CAFs are observed in fibrovascular cores that branch throughout the 

tumor mass, in some other tumor types, CAFs surround the malignant cells with dense 

desmoplastic stroma that lead to the majority of the space occupation and thus limit the 

antitumor drugs to reach the malignant cell target. An increased density of CAFs is often 

observed in the invasive front of a tumor17. A study investigated the influence of deleting 

fibroblast activation protein-a (FAP) positive cells which are the fibroblast marker in tumor-
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bearing mice20. Depletion of these FAP positive cells induced tumor necrosis and IFN-c and 

TNF-a regulated CAFs-mediated tumor necrosis. These results also demonstrated that FAP-

positive TME cells are important mediators of immune suppression20. 

1.2.2 B lymphocyte 

B lymphocyte or B cell is one of the two major types of lymphocytes, which is involved in 

humoral immunity or antibody-mediated immunity. B lymphocytes are derived from bone 

marrow and mature in it. They account for approximately 20% of the circulating lymphocytes 

in the blood. The "B" in B cell lymphocytes represent the bursa of Fabricius, a specialized organ 

in birds where B cells were originally discovered. Humans do not have this organ21. 

B cells can be found in the invasive margin of tumors, but are more often seen in tumor draining 

lymph nodes and lymphoid structures adjacent to the TME. In some breast and ovarian cancers, 

B cell infiltration into the TME is associated with favorable prognosis22,23; however, in mouse 

models, B cells play a comparative role in anti-tumor immunity. B cells showed the inhibition 

of tumor-specific cytotoxic T cell responses24. Many solid data support a tumor-promoting role 

for B cells and immunoglobulin deposition in a genetic mouse model of skin cancer25,26. The 

IL-10 producing B cells are known as immunosuppressive population, named as regulatory B 

cells (Bregs) or B10 cells27. These cells increase tumor burden and inhibit tumor-specific 

immune responses in inflammation-induced skin cancer28. Bregs also seemed to prefer lung 

metastasis in a mouse breast cancer model29. Moreover, Bregs inhibited the lymphoma 

clearance by anti-CD20 antibody in a mouse lymphoma model30. However, these effects were 

not owing to Bregs infiltrating the TME; instead Bregs seemed to influence other immune cells 

in the surrounding lymphoid tissue or in the draining lymph node28, and modulate the activity 

of myeloid cells as well25.  

1.2.3 Dendritic cells (DCs) 

Dendritic cells are a type of antigen-presenting cell (APC) that form an important role in the 

adaptive immune system. The main function of dendritic cells is to present antigens and the 

cells are therefore sometimes referred to as “professional” APCs31. 
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Dendritic cells are found in tissues that have connection with the outside environment such as 

over the skin (present as Langerhans cells) and in the linings of the nose, lungs, stomach and 

intestines32. Immature forms are also found in the blood. Once the dendritic cells are activated, 

they move to the lymph tissue to interact with T cells and B cells and help shape the adaptive 

immune response33. During development, they form branched projections that are called 

“dendrites”, which is why the cells are so named. 

Dendritic cells (DCs) play very important roles in antigen processing and presentation34. The 

DCs are considered to be defective in the TME, which indicates, they cannot fully stimulate the 

immune response to tumor-associated antigens. The TME hypoxic environment and 

inflammatory microenvironment further reduce DC function to activate anti-tumor immune 

function. Some data showed that DCs have been found to suppress T cell responses in the tumor 

area. Two studies showed a new transcription factor ZBTB46 which is specifically expressed 

in all classical murine and human DCs35,36. These results reveal that DCs are a unique immune 

cell lineage and will help us understand DCs in the TME more. 

1.2.4 Vascular endothelial cells 

Vascular endothelial cells are flat cells that form the inner lining of major blood vessels, which 

help regulate blood flow. Due to the smooth surface of these cells, the blood flow smoothly. 

The vascular endothelial cells also conduce to regulate blood pressure and prevent coagulation. 

It has been found that numerous soluble factors are present in the TME, such as vascular 

endothelial growth factors (VEGFs), fibroblast growth factors (FGFs) and platelet-derived 

growth factors (PDGFs), and endothelial cells and their associated pericytes are stimulated by 

chemokines during the neovascularization. These effects are found to contribute to the tumor 

growth37. When an angiogenic signal from malignant or inflammatory cells is sensed by a 

quiescent blood vessel, or due to hypoxic conditions in the TME, angiogenesis occurs and new 

vessels bud from the current vasculature37. The tumor vasculatures found in human and mouse 

are abnormal in almost every aspect of their structure and function38. For example, blood vessels 

are heterogeneous, which have chaotic branching structures, an uneven vessel lumen, as well 

as are leaky. The vessels leakiness increases the interstitial fluid pressure, which lead to 



 

8 

 

unevenness of oxygenation, blood flow, nutrients and drug distribution in the TME. These 

phenotypes raise hypoxia and facilitate metastasis. VEGF (also known as VEGFA) is the 

predominant angiogenic factor in the TME, and the malignant cells and inflammatory 

leukocytes can generate it. However, in advanced tumors, tumor cells can give rise to series of 

other angiogenic factors that can replace VEGF37. 

1.2.5 Pericytes 

Pericytes, also known as perivascular stromal cells, are a very important integral component of 

the tumor vasculature. It provides structural support to blood vessels in the tumor site39. Clinical 

studies revealed that low pericyte coverage of the vasculature correlates with poor prognosis 

and increased tumor cell metastases in bladder and colorectal cancer40,41. Pericyte depletion in 

mouse genetic models suppressed primary tumor growth, but increased hypoxia, epithelia to 

mesenchymal transition (EMT) and mesenchymal to epithelia transition (MET) receptor 

activation, which has become an acceptable explanation for the association of pericyte coverage 

with poor prognosis42. Pericyte depletion in these mouse experiments also improved tumor cell 

metastasis, and the subsequent experiments revealed that low pericyte coverage coupled with 

activation of the MET receptor correlated with a poor prognosis in women with invasive breast 

cancer42. Hence ‘normal’ pericyte coverage of the tumor vasculature might be a key negative 

regulator of metastases. 

1.2.6 Tumor associated macrophages (TAMs) 

It has been known that various immune cells, such as lymphocytes, neutrophils and 

macrophages, can be found in tumor tissues. With the introduction of the concept of 

macrophage differentiation into a classical or alternately activated phenotype, the function of 

tumor-associated macrophages (TAM) is now being investigated. TAM is predominant in the 

immune cells of most cancer patients and tumor-bearing mice, and their highly activated state 

usually contributes to tumor growth. TAM can promote the initiation and metastasis of tumor 

cells, regulate anti-tumor immune response and play a role in the formation of tumor blood 

vessels. 
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The two-way interaction between macrophages and the tumor microenvironment shapes their 

phenotype and response to environmental conditions. Hypoxia is extremely important for tumor 

cell aggregation of TAM, as many studies have shown that TAMs accumulate in areas of 

hypoxia and/or necrosis of tumors. These regions attract TAM by releasing hypoxia-induced 

chemoattractants such as vascular endothelial growth factor (VEGF)26, endothelin and 

endothelial mononuclear cell activation polypeptide II (EMAP2, also known as AIMP1)23,44,48. 

 

1.2.7 Tumor-infiltrating lymphocytes (TILs) 

Tumor-infiltrating lymphocytes are different types of immune cell that have moved from the 

blood into a tumor area. They include T cells and B cells and are part of the larger category of 

‘tumor-infiltrating immune cells’ which consist of both mononuclear and polymorphonuclear 

immune cells (i.e., T cells, B cells, natural killer cells, macrophages, neutrophils, dendritic cells, 

mast cells, eosinophils, basophils, etc.) in variable proportions. Tumor-infiltrating lymphocytes 

are thought to be a sign that the immune system is trying to attack cancer.  

CD3 has been used to detect lymphocytes in tumor samples. Tumor immune infiltration can 

also be determined using gene expression methods like Micro array or RNA Sequencing. 

Detection of gene expression specific for different kinds of immune cell populations can then 

be used to determine the degree of lymphocyte infiltration as has been shown in breast cancer. 

An active immune environment within the tumor often indicates a better prognosis as it can be 

determined by the immunological constant of rejection. 

In cancer therapy, tumor infiltrating lymphocytes therapy is consisting of autologous tumor 

infiltrating lymphocytes, which are manipulated in vitro and, upon administration in vivo, re-

infiltrate the tumor to initiate tumor cell lysis. In vitro, therapeutic tumor-infiltrating 

lymphocytes (TILs) are isolated from tumor tissue and cultured with lymphokines such as 

interleukin-2; the therapeutic TILs are then infused into the patient, where, after re-infiltration 

of the tumor, they may induce lysis of tumor cells and tumor regression43,44. The use of 

therapeutic TILs is considered as a form of adoptive immunotherapy.  



 

10 

 

1.2.8 Effector T cells 

T cells are a key component for generating an effective immune response. When dendritic cells 

activate and prime naïve T cells in lymph nodes, it becomes effector T cells. The production of 

effector cells in response to first-time exposure to tumor antigen is called the primary immune 

response. Tumor-specific CD8+ cytotoxic T lymphocytes (CTLs) have access to go into tumor 

through the circulatory system, where they recognize and kill tumor cells and lead to apoptosis 

of the tumor cells. 

CTLs have two different cytotoxic mechanisms to induce apoptosis in tumors, the receptor-

mediated and the granule-mediated. First mechanism which utilizes CTLs to improve an anti-

tumor response is the engagement of Fas and Fas-ligand (FasL) receptors. FasL is a member of 

the TNF-superfamily and is expressed on the surface of activated T cells (CD4+ and CD8+) and 

can bind to Fas (=CD95, Apo-1, member of the TNF-R superfamily), which is expressed by 

tumor cells. The intercellular ‘death-domain’ of Fas molecule is activated by ligation with FasL, 

which eventually results in apoptotic death of tumor cells which express Fas molecule. Fas-

FasL dependent cytolysis is independent of calcium, but it requires the expression of Fas on the 

target cell45,46. A second mechanism occurs when the CTL recognizes the tumor antigen, and 

releases granzyme B and perforin. These proteins are stored in so-called lytic granules that are 

present in the CTL. After triggering of T cell Receptor (TCR), the CTL becomes activated and 

secrets the content of the lytic granules, granzyme B and perforin in an Ca-dependent way and 

forms small pores in the target cell, which result in target cell lysis47-50. 
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Due to the presence of CTL in TIL and the ability to significantly increase tumor immune 

function in patients, and CD8+ CTL directly killing tumor cells, the ability to improve CTL 

activity has become an in-depth study strategy in tumor immunotherapy. In clinical trial，several 

different methods have been used to enhance the patient's anti-tumor immunity and many of 

these approaches lead to a prolonged clinical response. Chimeric Antigen Receptor T-Cell 

Immunotherapy (CAR-T) is the most successful therapy in advanced blood cancers. CAR-T is 

a type of treatment in which a patient's T cells are changed in the laboratory, so it will attack 

cancer cells. T cells are taken from a patient’s blood. Then the gene for a intracellular domain 

receptor that binds to a certain protein on the patient’s cancer cells is added in the laboratory. 

The special receptor is called a chimeric antigen receptor (CAR), which is not restricted to 

MHCI recognition1,51,52. Large numbers of the CAR-T cells are grown in the laboratory and 

given to the patient by infusion. In 2017, two CAR-T cell therapies were approved by the Food 

and Drug Administration (FDA), one for the treatment of children with acute lymphoblastic 

leukemia (ALL) and the other for adults with advanced lymphomas. This T cell based 

immunotherapy has revolutionized some previously incurable disease in patients. 

Figure 1.2: Cytotoxic T lymphocyte mediate Killing 

             Parham,P; et al. Garland Science. 2005 
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There are some other approaches have been used to target CTL activity, for example, anti-tumor 

vaccines have also been developed to activate an anti-tumor immune response in immunogenic 

solid tumors, such as melanoma53-56. Immunotherapy vaccines contain killed, or inactivated 

melanoma cells or parts of cells called antigens. As a systemic treatment, the antigens travel 

through your bloodstream and stimulate the body’s immune system to fight cancer in all parts 

of your body. Research is currently underway to use a combination of different 

immunotherapies to improve efficacy and achieve a more sustained and complete response in 

patients. 

1.2.9 Exhausted T cells 

T-cell exhaustion was originally observed in chronic lymphocytic choriomeningitis virus 

(LCMV) infection in mice57,58 . Later other infectious mice models like hepatitis C virus (HCV), 

hepatitis B virus (HBV), Friend virus and humans with HIV were subsequently identified 

exhausted T cell59-65. In the past decades T cell exhaustion was also observed in TME, and to 

explain the failure of immunotherapy. When effector T cells enter TME through circulatory 

system, cancer cells, inflammatory cells and suppressive cytokines have crucial roles to regulate 

T-cell phenotype and function. These components drive T cells to differentiate into ‘exhausted' 

T cells eventually66. A primary feature of T cell exhaustion is the overexpression of multiple 

inhibitory receptors, including PD-1 (CD279), lymphocyte-activation gene 3 (Lag-3), cytotoxic 

T lymphocyte antigen-4 (CTLA-4, CD152), T-cell immunoglobulin domain and mucin domain 

3 (Tim-3), CD244/2B4, CD160, T cell immunoreceptor with Ig and ITIM domains (TIGIT)67-

71. Some typical inhibitory receptors correlated with T cell exhaustion are detailed below. 
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                         Figure 1.3: Exhausted CD8+ T cell 

Zhu B; et al. Cell Death Dis. 2015 

1.2.9.1 Programmed cell death 1 (PD‐1) 

It is already established that the PD‐1 pathway plays an important role in T cell exhaustion. The 

cytoplasmic tail of PD-1 contains two structural motifs, an ITIM and an immunoreceptor 

tyrosine-based switch motif (ITSM). The ITIM/ITSM phosphorylation and subsequent renewal 

of SHP‐1 and SHP‐2, which roots in PD‐1 accompanied with PD‐L1 or PD‐L2 (PD-1 ligand), 

moderate the Erk/Ras/MEK and PI3K/Akt pathways to initiate the T cell activation72-74. 

Therefore, PD‐1 is a regulator to the T cell exhaustion. 

PD‐1 blockade is a successful method to treat tumor patients, which exhausts tumor-specific 

CD8+ T cells. In clinical trials, it has been showed that blocking PD-1/PD-L1 inhibitory 

pathway allows CD8+ T cells to restore proliferation, secrete cytokines and eliminate tumor 

cells. The PD-1 antibodies such as pembrolizumab, nivolumab and pidilizumab have been used 

in clinical trials75. Pembrolizumab is a PD-1-blocking monoclonal antibody which has non-

cytotoxic activity against T cells. Pembrolizumab has been used in patients with advanced 

melanoma in a phase I trial and showed convincing safety76. Nivolumab is the first PD-1 
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monoclonal antibody studied clinically in patients with advanced solid tumors, such as 

melanoma, non-small cell lung cancer (NSCLC) and renal cell carcinoma (RCC)77,78. 

Pidilizumab is the first PD-1 monoclonal antibody for tumor patients with hematologic 

malignancies. The patients receiving pidilizumab antibody showed significant clinical benefit 

and durable response79. 

1.2.9.2 Cytotoxic T lymphocyte antigen-4 (CTLA-4) 

A research group from China used hepatocellular carcinoma mouse model and revealed that 

blocked CTLA-4 enhanced DC‐mediated antitumor immunity80. This finding strongly supports 

CTLA-4 blocking antibody could be a novel immunotherapeutic strategy. In 2011, US Food 

and Drug Administration (FDA) approved the first anti-CTLA-4 monoclonal antibody, called 

Ipilimumab, and showed survival benefits to metastatic melanoma patients81. Furthermore, 

Ipilimumab has also been used to treat advanced non-small cell lung cancer patients in clinical 

trials alone or combined with other anti-tumor therapies to prolong life for cancer patients. A 

few years later, another anti-CTLA-4 monoclonal antibody tremelimumab was approved by 

FDA in clinical trials. It showed durable anti-tumor response in phases I and II for cancer 

therapy82. 

1.2.9.3 T‐cell immunoglobulin and mucin‐containing protein 3 (TIM3) 

Tim-3 was first identified as a molecule expressed on CD4+ T helper 1 (Th1) and CD8+ T 

cytotoxic T cell 12 years ago. Tim-3 pathway is a perfect target for anti-tumor immunotherapy, 

because TIM-3 is expressed on both dysfunctional CD8+ T cells and regulatory T cells, which 

leads to immunosuppression in tumor area. This is suggested that TIM‐3 blockage could 

become a novel supplementary therapy following PD‐1 blockage. The latest finding revealed 

that interaction of TIM‐3 and carcinoembryonic antigen cell adhesion molecule 1(CEACAM1) 

result in T cell exhaustion, indicating that this complex molecule biological markers and 

immunotherapy target to cancer patients83. A combination blocking of Tim-3 and PD-1 pathway 

is also effective in B16F10 mouse model. The mice with acute myelogenous leukemia (AML) 

treated with Tim-3 and PD-1antibody prolonged survival compared to the PD-1 pathway 

blockade alone84. These findings strongly support that Tim-3 combinatorial approach involved 
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the PD-1 pathway blockade may be most effective in the clinical trials in the treatment of 

various cancer types. 

1.2.10 Regulatory T cells 

Regulatory T lymphocytes know as subset of T cells (T reg cells) that primary function is to 

inhibit or downregulate effector T cells. FOXP3 is a unique molecular marker to T reg cells and 

is a transcription factor to regulate the development and function of T reg cells85. Moreover, 

compared to FOXP3, T reg cells express a high level of CD25 which is known as IL-2 receptor 

alpha chain (IL-2Rα). T reg cells can inhibit the function of effector T cell in a variety of ways, 

for example, T reg cells can secrete immunosuppressive cytokines such as TGF-βand IL-10. 

Most importantly, T reg cells express high level of CD25 (IL-2Rα) which allows T reg cells to 

seclude IL-2, thereby inhibiting activated CD8+ T cell proliferation and leading to CD8+ T cell 

exhaustion86. 

T reg cells are important to maintain peripheral tolerance in homeostasis of the body. 

Furthermore, T reg cells suppress the production of anti-tumor responses by effector T cells 

and supply an immune escape mechanism for tumor cells. The inhibition of cytotoxic T 

lymphocyte function by T reg cells suggests that targeting T reg cells population can enhance 

other immunotherapies, such as anti-tumor vaccines or CAR-T. Scientists used a mouse model 

to reveal that using anti-CD25 antibodies to regulate T lymphocyte depletion could lead to 

tumor regression87. However, CD25 antibody-mediated depletion was not used alone in clinical 

trials, mainly explained by the expression of CD25 molecule on the cell surface of CD8+ 

cytotoxic T lymphocytes in addition to T reg cells88. 

1.3 Aims of the thesis 

Cancer is a major global issue causing more than eight million deaths annually. Recently, the 

International Agency for Research on Cancer (IARC) has reported that 7.6 million deaths 

worldwide were due to cancer. According to a survey, more than 60 percent of deaths due to 

cancer are reported from developing countries. There are different conventional treatment 

modalities that are available to treat and manage cancer. However, new cancer treatment 
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options are being explored continuously as over 60% of all current experimental trials 

worldwide are focusing on tumor cure. The success of treatment depends upon the type of 

cancer, locality of tumor, and its stage of progression. Surgery, radiation-based surgical knives, 

chemotherapy, and radiotherapy are some of the traditional and most widely used treatment 

options.  

Previous studies from our group revealed that LCMV was therapeutically more potent than the 

oncolytic viruses VSV-GP and rVACV. In contrast to LCMV, VSV-GP and rVACV require 

defects in the IFN pathway for efficient replication in tumor cells. LCMV treatment did not 

influence PD-L1 expression in the tumor nor PD-1 expression on CD8+ T cells. It enhanced 

tumor-infiltrating tumor-specific CD8+ T cells, as well as survival signals in these cells. 

In this study, we wanted to find out a potent way to improved interaction between cytotoxic 

CD8+ T cell and target tumor cell. Also, we wanted to develop a new anti-tumor strategy to 

suppress tumor growth.  
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2.1 Materials 

2.1.1 Kits 

Reagent Catalog number Company 

Wizard DNA Purification Kit A1120 Progmega 

Antibody Purification Kit (Protein G) ab128747 abcam 

Dynabeads™ FlowComp™ Human CD8 Kit 11362D ThermoFisher 

Tumor Cell Isolation Kit, mouse 130-110-187 Miltenyi Biotec 

 

2.1.2 Chemicals and Reagents 

2-b mercaptoethanol  Sigma, Munich 

DEPC-Treated water  ThermoFisher Scientific 

Methanol  Sigma, Munich 

Ethanol Sigma, Munich 

Sodium Bicarbonate  Sigma, Munich 

Tissue Tek  Sakura 

Taq Polymerase  Promega 

TRIzol Reagent  ThermoFisher Scientific 
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Saponin Sigma, Munich 

o-Phenylenediamine dihydrochloride  Sigma, Munich 

Penicillin-Streptomycin  Sigma, Munich 

Methylcellulose Merck Fluka 

L-Glutamine Sigma, Munich 

Formaldehyde Sigma, Munich 

Fluorescent Mounting medium DAKO 

Fetal Calf Serum (FCS) Biochrom AG, Berlin 

Ethylenediaminetetracetic acid (EDTA) Merck 

DPBS w/o Mg2+, Ca2+ Pan Biotec, GmBH 

dNTPs Promega 

Citric Acid Sigma, Munich 

Cell Lysing Solution BD Bioscience, Heidelberg 

Carboxyfluorescein Succinimidyl Ester 

(CFSE) 
Invitrogen, Darmstadt 

Brefeldin A eBioscience 

DNase I Sigma, Munich 

collagenase D Sigma, Munich 

TritonX Sigma, Munich 
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Formalin Sigma, Munich 

Ionomycin Sigma, Munich 

Phorbol 12-myristate 13-acetate Sigma, Munich 

Ovalbumin-(SIINFEKL) iba 

Ovalbumin-(SIINFEKL) Teramer NIH 

Lysogeny broth agar  Sigma, Munich 

Lysogeny broth liquid Sigma, Munich 

EcoR I NEB 

Nhe I NEB 

Ampicillin Sigma, Munich 

Kanamycin  Sigma, Munich 

 

2.1.3 Antibodies 

Antibody  Source Company 

Anti-F4/80 Mouse eBioscience 

Anti-LCMV-NP (VL4) Mouse Lab produced 

Anti-IFNg  Mouse eBioscience 

Anti-Ceacam1 Mouse eBioscience 

Anti-CD8 Mouse eBioscience 
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Anti-CD169 (CD274) Mouse eBioscience 

Anti-Candid#1  Monkey NIH 

Anti-CD8 Human Biolegend 

Anti-CD4 Human Biolegend e 

Anti-IFNg Human Biolegend 

Anti-Ceacam1 Human Biolegend 

Anti-HLA-A2 Human Biolegend 

Anti-TNFa Human Biolegend 

 

2.1.4 Medium 

Reagent  Company 

FreeStyle™ 293 Expression Medium ThermoFisher 

FreeStyle™ CHO Expression Medium ThermoFisher 

Dulbecco’s Modified Eagle’s Medium (DMEM)  Pan Biotec GmBH 

Iscove’s Modified Dubelcco’s Medium (IMDM)  Sigma, Munich 

Very Low Endotoxin (VLE)-DMEM Biochrom AG, Berlin 

Advanced RPMI 1640 Medium ThermoFisher 
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2.1.5 Cells 

All murine and human cells have been used in the present study. These cell line have been 

gifted from our collaborators or purchased from ATCC. All cell lines were maintained 

mycoplasma free and grown in a humidified 37 oC chamber with 5% CO2. 

Cell Line  Cell-type Source Company/Collaborator 

B16F10 Melanoma Murine ATCC 

B16-OVA Melanoma Murine Prof. P. Knolle, TU, Munich 

MC57 fibroblast Murine ATCC 

L929 Fibroblast Murine ATCC 

Vero E6 
kidney 

epithelial cells 
Monkey ATCC 

 

2.1.6 Virus, Vaccine and Vector 

We used different strain of lymphocytic choriomeningitis virus (LCMV), including acute 

infection strain LCMV-WE, chronic infection LCMV-Docile, recombinant-LCMV (LCMV- 

Ovalbumin) and Junín virus vaccine Candid#1. 

2.1.6.1 LCMV 

In 1933, Charles Armstrong was first identified LCMV in St. Louis. Mouse is a natural host of 

LCMV and LCMV also infect other animals including hamsters and human89. The diameter of 

lymphocytic choriomeningitis is 60 to 300 nautical miles (nm). It belongs to arenaviridae family 

and contains two negative sense-single stranded RNA segments L and S90,91. LCMV is a non-

cytopathic virus which means the virus replicates in host cells without killing them. The 

infection is mainly due to attach of LCMV to the mouse or other host’s cell receptors (alpha-

dystroglycan, α-DG) through the glycoproteins(gp)92. When LCMV is endocytosed and fused 
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to the blood vessel membrane, its genome is released into the cytoplasm93. LCMV have four 

different strains so far, according to different T cell response and virus clearance. ‘Clone 13’ 

and ‘Armstrong’ are neurotropic virus and ‘docile’ and ‘WE’ are hepatotropic virus94,95. Mild 

infection caused by Armstrong and WE could be resolved in a few days. However, aggressive 

infection caused by Clone 13 and docile leads to virus persisting in the host and T cell 

exhaustion96,97. 

2.1.6.2 LCMV-Ovalbumin 

LCMV-OVA is one kind of recombinant LCMV (rLCMV) expressing ovalbumin which 

replaces the original LCMV glycoprotein open reading frame. It is initially designed as vaccine 

to treat several cancers. Scientists use recombinant DNA technology and bioengineering to 

modify viral vector and make possibility to optimize vaccine delivery. LCMV-OVA obtains 

antigenic properties as original virus and can induce CTL cytotoxicity. 

2.1.6.3 Junín virus vaccine Candid#1 

In 1958, a hospital reported a new hemorrhagic fever in the city of Junín, later, the new virus 

was named as Junín virus98. The natural host of Junín virus is human, but it also infects mouse 

and hamsters. The Junin virus belongs to arenaviridae family and is a negative sense ssRNA 

enveloped virion and its diameter range is 50 to 300 nm. Junin virus strain Candid #1 is 

developed as alive attenuated vaccine for Argentine haemorrhagic fever. 

2.1.7 Mice 

Mice used in this study, including Wild type (WT) and Ceacam1–/–, were maintained on the 

C57BL/6 genetic background (back crossed as many as 16 times) and were bred as 

homozygotes. huCeacam1+/+ × msCeacam1–/– mice were on C57BL/6 genetic background and 

were back crosses as many as 12 times. C57BL6J (CD45.2+) and OT-1 were maintained on the 

C57BL/6 background (back crossed as many as 16 times) and were bred as homozygotes. For 

adoptive transfer experiments mice, congenic for C57BL/6 (CD45.1) were used to distinguish 

transferred cells (CD45.2) and endogenous (CD45.1) cells. The spontaneous tumor models 

B16F10-OVA (Melanoma) were used on C57BL/6 background. All animals were housed in 
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single ventilated cages. Six- to eight-week-old, age and sex matched mice were used for all the 

experiments performed. All animals were housed in single ventilated cages. Animal 

experiments were authorized by the Nordrhein Westfalen Landesamt für Natur, Umwelt und 

Verbraucherschutz (Recklinghausen, Germany) and in accordance with the German law for 

animal protection or according to institutional guidelines at the Ontario Cancer Institute of the 

University Health Network and at McGill University. 

❖OT-1  

T-cell receptor (TCR) on T cells in this mouse strain was designed to combine the glycoprotein 

ovalbumin residues 257-264 in the context of H2K, and this strain was used to study the 

response of CD8+ T cells to antigen99. 

❖P14 × CD45.1  

This mouse strain carries a T-cell receptor (TCR) specific for LCMV, H2-Db. P14 mice crossed 

with CD45.1 congenic mice was measured by staining against the congenic marker CD45.1 

during adoptive transfer experiments. 

❖ hCeacam1+/+ × msCeacam1–/– 

This mouse strain lacks murine CEACAM1 and expresses human CEACAM1 on all cell 

surface. 

❖Ceacam1–/–  

This mouse strain lacks murine CEACAM1 on all cell surface. It was used to identify the effect 

of CEACAM1 on T cell function and antiviral effect100.  

❖P14 × CD45.2  

This mouse strain is transgenic which has epitope 33 (GP-33-41). P14 mice crossed with 

CD45.2 congenic mice were measured by staining against the congenic marker CD45.2 to track 

lymphocytes101. 

❖P14 × Ceacam1–/– (CD45.2) 
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This mouse strain lacks murine CEACAM1 on all cell surface and expresses an LCMV-GP33-

specific T cell receptor as a transgene. It was used for cell transfer studies. 

❖CD169-DTR 

These transgenic mice express human diphtheria toxin receptor (DTR) under the promoter of 

CD169 gene. In these mice, CD169+ macrophages can be depleted selectively by administration 

of diphtheria toxin102. 

2.1.8 Plastic ware 

Items Company 

10 µl Pipettes tips  STAR Labs 

200 µl Pipettes Tips  STAR Labs 

1 ml Pipettes Tips  STAR Labs 

5 ml Pipettes  Corning 

10 ml Pipettes Corning 

25 ml Pipettes  Corning 

70 µm Cell strainer  BD 

200 µm Cell strainer BD 

6-well Plate  TPP 

24-well Plate  TPP 

96-well Plate  TPP 

MicroAmp 384-well Plate  Applied Biosystems 
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1.5 ml tubes Eppendorf 

2.0 ml tubes Eppendorf 

5 ml Polystyrene tubes BDFalcon 

10 ml syringe Braun 

15 ml Falcon tubes Corning 

50 ml Falcon Tubes Corning 

Cell Culture Flasks 25 cm2 VWR 

Cell Culture Flasks 75 cm2 VWR 

Cell Culture Flasks 175 cm2 VWR 

Tissue-culture Flasks  TPP 

Cover-slips Fishersci 

Ficoll Histopaque    Sigma- Aldrich 

Heparin vials BD Biosciences 

 

2.1.9 Equipment 

Equipment  Company 

FACS Fortessa  Becton Dickinson (BD) 

FLUOstar Omega ELISA Reader  BMG Labtech 

LightCycler 480 realtime PCR machine  Roche 
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SP8 gSTED Confocal microscope  Leica 

Thermocycler PCR machine  Applied Biosystems 

ChemiDoc MP Imaging system  BioRad 

Micro-centrifuge  Hettich 

Centrifuge 2210R  Eppendorf 

Nanodrop  Peqlab 

TissueLyser II  Qiagen 

Cryostat CM 3050S  Leica 

Fluorescence Microscope HS BZ-9000 Keyence GmBH 

 

2.2 Methods 

2.2.1 Tumor induction 

The C57BL/6-drived melanoma cell line B16F10-OVA-transfected clone was maintained at 37℃ 

with 5% CO2 in DMEM medium supplemented with 10% heat-in-activated fetal calf serum, 

penicillin, streptomycin and Glutamine. Certain amount B16F10-OVA cells were injected 

subcutaneously in 200 µl medium on the left flank or intravenous injection. Tumor size was 

determined by the formula L×W×W where L=length, W=width, on the indicated days. 

Reagents: 

B16F10-Ovalbumin Medium  

DMEM (500 ml)  

10% FCS 
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1% penicillin, streptomycin and Glutamine 

0.1% Plasmocin 

2.2.2 In vivo killing assay 

24 hours after B16-OVA injected subcutaneously to LCMV-OVA immunized mice, 

splenocytes were differentially labeled with 20 or 200 nM CFSE and loaded with or without 

100 nM ovalbumin257-264 peptide, respectively. The cells were collected 24 hr after i.v and s.c. 

injection. (Average of CFSEhi percentage in naïve mice minus CFSEhi percentage of 

experimental mice, then multiplied by 2) 

2.2.3 Ovalbumin CD8+ T cell FACS staining: 

Tetramers were provided by the National Institutes of Health (NIH) Tetramer Facility. Cells 

were stained with allophycocyanin (APC)-labeled ovalbumin-(SIINFEKL) MHC class I 

tetramer (TCMetrix) for 15 min at 37°C. After incubation, the samples were stained with α-

CD3 (eBioscience), α-CD4 (eBioscience), α-CD8 (eBioscience) for 30 min at 4°C. Absolute 

numbers of ova-specific CD8+ T cells were calculated from FACS analysis using fluorescing 

beads (BD Biosciences).  All stained cells were analysed on an LSRII or a FACS Fortessa (BD 

Biosciences) flow cytometer, and data were analysed with Flowjo software. 

2.2.4 LCMV, LCMV-Ovalbumin and Candid#1 Production 

The LCMV strain WE was originally obtained from F. Lehmann-Grube (Heinrich Pette 

Institute, Hamburg, Germany) and was propagated on L929 cells, MC57 cells, or both. LCMV 

strain Docile was a donation from Prof. Dr. R. Zinkernagel (University of Zurich, Zurich, 

Switzerland) and was propagated on L929 cells. The cells were grown in DMEM medium 

containing 10% FCS, 1% penicillin, streptomycin (P/S) and L-glutamine (Glut) at 37oC until 

70% confluency is reached. Then cells were infected with LCMV strain WE or Docile at a 

multiplicity of infection (MOI) of 0.0001 in a total volume of 5 ml and incubated for 1 hour at 

37oC. 25ml of the same DMEM medium were added and incubated for 48 hours. Medium was 

collected and subjected to centrifugation at 3000 rpm at 4oC to remove large debris. Supernatant 
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was then collected in cyro-tubes and stored at -80°C. The virus was administrated into the 

animals by intravenous (i.v.) or intratumoral injection. 

LCMV-Ovalbumin was gift from Prof. Dr. L. Flatz (University of Basel, Basel, Switzerland). 

Junín virus vaccine, candid#1 was grown in Vero E6 cells purchased from ATCC (CRL-1586) 

as described above. 

2.2.5 Intracellular cytokine staining (ICS) 

For ICS, spleen, tumor drain lymph node and tumor infiltrating lymphocyte were homogenized 

and lymphcytes were re-stimulated with ovalbumin-(SIINFEKL) specific peptide (obtained 

from IBA Lifescience company, Germany) or PMA (sigma aldrich) and ionomycin (sigma 

aldrich) for 6 hours. Brefeldin A (BFA) was added 1 hour after stimulus and samples were 

incubated at 37 ºC followed by incubation with surface and intracellular markers at 4 ºC as 

described above. Human PBMC’s were cultured for 10 days in media containing 50 IU per ml 

IL-2 (Roche) and 1µg per ml peptide (FLU: GILGFVFTL, CMV: NLVPMVATV) in presence 

or absence of anti-human CEACAM1 (18/20) antibody. After 10 days cells were re-stimulated 

with mentioned peptide in presence of BFA for 6 hours followed by various staining for surface 

and intracellular marker as describe above. 

Reagents: 

Human T cell culture medium 

VLE-DMEM (450 ml) 

10% Human Serum 

1% penicillin, streptomycin 

50 IU/ml IL2 
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2.2.6 Immunohistochemistry: 

For the detection of cellular protein, immunohistochemistry was performed. Organs were 

harvested and stored immediately in histological tubes with tissue-tek and put in liquid nitrogen. 

Embedded tissues were then taken to cryotome and mounted on loading discs. Tissue slices 

were then cut at 8 µm in size on glass slides. Slides were stored at 4oC. All the histological 

cutting were done below -15 oC. 

2.2.7 Histological analysis and Immunocytochemistry 

Histological analysis was performed on snap-frozen tissue as previously described. In brief, 

sections were fixed with acetone for 10 min, and non-specific antigens were blocked in 

phosphate-buffered saline (PBS) containing 2% FCS for 15 min, followed by various stainings 

for 45 min.  

Immunocytochemistry was performed on cells grown on cover-slips. In brief, cells were fixed 

in 4% Formalin/PBS for 10 min, washed in PBS and then permeabilized in 1% TritonX-PBS 

for 10 min. After blocking with 10% FCS/PBS for 30-60 min, various stainings for 45 min were 

followed. Cover slips were mounted on microscope slides using mounting medium (S3023, 

Dako). 

Images were acquired with a fluorescence microscope (KEYENCE BZ II analyzer). 

Quantifications were performed using the Image J software (NIH). 

2.2.8 Lymphocyte transfer  

1 × 106 CFSE labeled splenocytes from OT-1 mice expressing CD45.2 as a congenic marker 

were injected intravenously into CD45.1 (WT) tumor bearing mice. One day later, mice were 

intratumoral injected with LCMV-WE with indicated dose, the percentage or actual number of 

OT-1 T cells expanded was assessed in different compartment by flow cytometry at different 

time points. 

1 × 104 P14 × WT and P14 × Ceacam1–/– mice expressing CD45.2 as a congenic marker were 

injected intravenously into CD45.1 (WT) mice. One day later, mice were injected with LCMV-
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WE or LCMV-Docile with indicated dose, the percentage or actual number of P14 T cells 

expanded was assessed in different compartment by flow cytometry at different time points. 

2.2.9 Antibody Injections 

Mentioned dose of anti-mouse (clone CC1) or anti-human (18/20) CEACAM1 mAb was 

injected per mouse intravenously on indicated times. 

2.2.10 Alanine Transaminase (ALT), Aspartate aminotransferase 

(AST) 

The activity of ALT and AST was measured at the Central Laboratory, University Hospital 

Essen, Germany. 

2.2.11 LCMV Titer assay 

For detection of viral titers in different organs and different cell culture conditions, plaque assay 

was done with MC57 cells. The organs or tumor sections were homogenized in tissue lyser and 

centrifuged at 1500 rpm for 10 min to discard unlysed tissue. Then 1:3 titrated supernatant was 

over 12 rows in a 96-well flat bottom plate supplied with 2% FCS/DMEM supplemented 

obtained 1% Penicillin-Streptomycin and glutamine. Titrated tissue samples were then plated 

in 24 well plates along with 200 µl of MC57 cells at the density of 1-9 x105 cells per ml. Plates 

were incubated at 37oC for 3 hours and then added overlay and incubated again for 72 hours at 

37oC. 

Plates supernatant was discarded, and plates were incubated at room temperature with 4% (v/v) 

formaldehyde for 30 min. Plates was washed with PBS 3 times and then added with 1% (v/v) 

Triton-X and incubated for 20 min at room temperature. Plates were then washed with PBS 

twice and added blocking solution of 10% (v/v) FCS in PBS and incubated for 60 min at RT. 

Primary antibody named VL4 was diluted in 1% (v/v) FCS/PBS and was added as 200 µl/well 

and incubated for 60 min at RT. After using PBS to wash plates two times, α- rat IgG linked 

HRP secondary antibody was diluted in 1% (v/v) FCS/PBS and was added as 200 µl/well and 

kept for 60 min at RT. Plates were again washed with PBS twice and stained staining solution 



 

32 

 

and incubated for 10-30 min at RT. Once the brown plaques were visible, plates were washed 

with water immediately and plaques were counted. 

Reagents: 

Overlay Medium Staining Solution for LCMV 

50% (v/v) 2x IMDM (pH 7.4) 

50% (v/v) 2% Methyl-cellulose 

 

25% (v/v) 0.2M Na2HPO4 

25% (v/v) 0.1M Citric acid 

20 mg o-Phenylenediamine dihydrochloride 

50 µl of 30% H2O2 

50 ml ddH20 

 

2.2.12 Cell culture 

All the cells were maintained in humidified incubator at 37oC with 5% CO2 with the related 

growth medium. Cells were split using trypsin treatment for 1-5 minutes at 37oC, which then 

was inactivated by FCS containing medium. Different medium was used for different cell lines 

as described above. 

2.2.13 Peripheral blood mononuclear cells (PBMCs) isolation 

Take 15 ml of Ficoll Histopaque in a 50 ml centrifuge tube. Then gently layer the blood on the 

top of Ficoll Histopaque using a 20 ml auto pipette. The layering should be done very slowly 

that blood and Ficoll Histopaque should stay as two different layers. Then Centrifuge the tubes 

(without any delay) for 30 min at 100 x g in 4°C in a swing-out bucket. Fixed angle rotors also 

can be used but would require more caution when separating cells in interphase. Then Aspirate 

the whitish buffy coat (about 5 ml) (PBMCs) formed in the interphase between histopaque and 

medium. The cells in interphase need to be aspirated without delay. If the tubes are kept 

standing for more than 10 min, PBMCs from the interphase will get disturbed and start settling 

down. Then Wash (centrifuge in 100 x g for 10 min) twice with 10 ml of sterile PBS or sterile 
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Dulbecco's modified eagle medium. The approximate yield of cells from 35 ml of blood varies 

between 108-109. 

2.2.14 Human CD8+ T cell culture 

PBMCs could be obtained from whole blood by density gradient of Ficoll-Hypaque. It is 

convenient to determine the approximate number of CD8+ T cells in the starting population of 

PBMCs by flow cytometry using anti-CD8 antibody. Generally, 1 μg/ml per 1 × 106 cells 

works well as a saturating concentration. Seed 500 µl of cell suspension in a 24 well culture 

plate and incubate cells overnight in 37°C 5% CO2 incubator. Then treat the cell depend on the 

experiment settings with or without anti-CD3 and anti-CD28 antibody 50 μg/ml and antigen 

peptide (influenza M peptide GILGFVFTL or CMV pp65 peptide NLVPMVATV) 10 μg/ml at 

day 1. Then treat the cells IL2 50 U/ml every two days and check cell expansion every day. 

2.2.15 In-vivo cell depletion 

Targeting cell depletion in-vivo was carried out by injecting the cell-specific antibodies. For 

NK cell depletion, 50 µg of NK1.1 (gift from Prof. P Lang, Heinrich-Heine-University) in 

Intraperitoneal injected at day -10, -7 and -3.  

2.1.16 Formation of mouse-anti-human-CEACAM1-Antibody 

Female mice from 8 to 10 weeks in age were immunized in three stages with human 

CEACAM1-Fc (50 µg/90 ul in PBS) mixed with Gerbu adjuvants MM (60 µl) (ideally on day 

0, day 14 and day 21; intraperitoneally (i.p.) the first immunization, Subcutaneously (s.c.) the 

second and third immunization). The amount of the first immunization was twice the amount 

of all subsequent immunizations. One week after the third immunization, blood was withdrawn 

from the mice for obtaining serum. In order to test whether the titer was sufficient, an ELISA 

or a continuous-flow cytometric analysis was carried out. The titer of day 0 to day 21 had 

generally increased 100 to 1000 fold. Mice having a sufficient titer were boosted with 25 µg of 

human CEACAM1-Fc dissolved in sterile PBS without adjuvant i.v. and i.p., four days before 

the mice were killed and the splenocytes (spleen cells) were obtained. 
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The mice were killed by cervical fracture and the spleen was removed under aseptic conditions. 

The spleen was squashed through a 70 µm nylon cell sieve. Splenocytes were transferred into 

a 50 ml Falcon tube and washed three times with DMEM medium that did not contain any 

additives (e.g. FCS). In parallel, the fusion partner cell line (the mice myeloma cell line NS1/0) 

was likewise washed in DMEM. Thereafter, the splenocytes and myeloma cells were mixed in 

a ratio of 5:1 and centrifuged for 5 min at 2000 rpm. Then, the Supernatant was removed, and 

the cell pellet was used for the fusion. For this purpose, 1 ml of PEG was slowly added to the 

cell pellet and mixed carefully within 1 min. Thereafter, PEG was diluted very slowly with 

warm DMEM. 

Then, the fused cells were centrifuged (10 min at 800 rpm) and the Supernatant was carefully 

removed. Then, the cell pellet was resuspended (8 ml of HAT medium per 107 NS/1/0 cells) 

and the cells were plated out in flat bottomed 96-hole cell culture plates for HAT selection. The 

medium was removed every third day. After 10 to 14 days, when cell clones were visible, and 

the medium became yellow due to the pH shift, supernatants were tested for secreted anti-

human-CEACAM1 antibody by means of continuous-flow cytometry and ELISA. Positive cell 

clones were subcloned (monoclonal), further tested and used for a mAb production. 

Subsequently, mabs were freed from the cell culture supernatant (for example 500 ml) via 

protein G-sepharose columns (column chromatography), eluted by pH shift with the use of 0.1 

M glycine buffer (pH 2.5) and dialyzed against sterile PBS. Sterile-filtered mAb solution was 

used in order to determine the Ig concentration by measuring the OD280 and the concentration 

was calculated using the formula OD280 /1.36-X mg/ml. 

2.2.17 Humanization of mouse-anti-human-CEACAM1-Antibody 

2.2.17.1 Cloning 

The variable region sequences from 3 different colonies (18/20, 6G5J and B3-17) mouse-anti-

human-CEACAM1-Antibodies was sequenced and synthesized with EcoR I restriction site 

forward and restriction site NHE I reverse by company. PEX-A2 plasmid contain target 

sequences was transformed in to Top10 E.coli for storage and human plasmid construction. 
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Transformation program: 

1. Thaw, on ice, one vial of One Shot™ TOP10 chemically competent cells for each 

transformation.  

2. Add 1 to 5 μl of the DNA (100 ng) into a vial of One Shot™ cells and mix gently. Do not 

mix by pipetting up and down.  

3. Incubate the vial on ice for 30 min.  

4. Heat-shock the cells for 30 seconds at 42°C without shaking.  

5. Remove the vial from the 42°C bath and place vial on ice for 2 min.  

6. Aseptically add 250 μl of pre-warmed S.O.C. Medium to each vial.  

7. Cap the vial tightly and shake horizontally at 37°C for 1 hour at 225 rpm in a shaking 

incubator.  

8. Spread 50 μl from each transformation on a pre-warmed ampicillin LB-agar plate and 

incubate overnight at 37°C.  

 9. Store the remaining transformation mix at 4°C. Additional cells may be plated out the next 

day, if desired.  

10. Invert the selective plate (s) and incubate at 37°C overnight.  

11. Select colonies and analyze by plasmid isolation. 

2.2.17.2 anti-human CEACAM1 plasmids construction 

The PEX-A2 plasmid contain target sequences and pFUSE-CHIg-hG1 for heavy chain 

and pFUSE2-CLIg-hk for light chain was incubate with forward restriction site EcoR I (10000 

unit in total volume) and reverse restriction site Nhe I (10000 unit in total volume) for 60 

minutes at room temperature. 

Digestion reaction mix for plasmid: 

10× digestion buffer (NEB 4) 2 μl 
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10× BSA buffer 2 μl 

EcoR I restriction enzyme 1 μl 

Nhe I restriction enzyme 1 μl 

Plasmid (5 μg) x μl 

ddH2O till 20 μl 

Then plasmid mixture run by agarose gel electrophoresis for separate undigested plasmid. Then 

the digested plasmid was isolate by the Wizard DNA Purification Kit and stored for next step. 

Then ligase the target gene (18/20, 6G5J and B3-17) and pFUSE-CHIg-hG1 and pFUSE2-

CLIg-hk at room temperature respectively. 

Vector DNA 100 ng 

Target DNA 20 ng 

Ligase 10X buffer 1 μl 

T4 DNA ligase 1 μl 

Nuclease-free water Until 10 μl  

 

Then mixture was transformed in to Top10 E.coli as describe above for storage and next step 

usage. 

2.2.17.3 Antibody production 

Seed the CHO cells 1 x 105 per well to 6 well plate in culture medium. Then add the recombinant 

plasmids pFUSE2-CLIg encoding the light chain and pFUSE-CHIg encoding the heavy chain. 

Antibody production depends greatly on the ratio of heavy chain and light chain expression. 
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Typically, pFUSE-CHIg to pFUSE2-CLIg ratio of 2:3 is used to co-transfect CHO cells. Since 

both plasmids share the same plasmid backbone. 

Incubate under appropriate conditions for 72 h to allow for gene expression then apply antibiotic 

for selection. 

Add 10 μg/ml blasticidin and 500 μg/ml Zeocin to select pFUSE2-CLIg and pFUSECHIg co-

transfected CHO cells. 

Then suspend the selected double positive cells in 0.8 cell/100 μl and seed the cells to 96 well 

plate 100 μl each well. Then incubate at 37°C 5% CO2 in incubator and collect the supernatant 

until the single cell form column. Then use sandwich ELISA to analyze antibody concentration. 

Sandwich ELISA was coated with 0.25 µg/100 microL/well of anti-CEA (Dako). ELISA was 

washed and remaining binding sites blocked. Subsequently, all supernatant was added thereto. 

The ELISA was then incubated with differing antibodies. After 4 hours of incubation, the 

ELISA was washed and incubated with anti-mouse Ig-HRP. After 1 hour, the substrate TMB 

was added and the absorption measured at 450 nm. 

Then select all the positive monoclonal cells and expand culture.  

2.2.17.4 Antibody purification 

The supernatant from monoclonal cell line are collect until it reaches to 1liter. Then filter the 

supernatant via 0.2 μm filter. Then equilibrate protein G-sepharose column with 5 column 

volumes of binding buffer (50mM Tris-HCl, 0.5mM EDTA and 1M NACl pH 8.0). Then apply 

the supernatant through the protein G-sepharose column. Then Wash with 5–10 column 

volumes of the binding buffer to remove impurities and unbound material. Continue until no 

protein is detected in the eluent (determined by UV absorbance at 280 nm). Then elute with 5 

column volumes of elution buffer (0.1 M glycine. HCl, pH 2.5). Collect the eluate in a tube 

with 1 bed volume of 1M Tris pH 8.0 to raise the pH of the antibody immediately. Dialyze the 

antibody against 1x PBS in 2L for 2 hours. Then transfer the antibody to a new 2L PBS 

overnight. Then add .02% NaAzide and aliquot into smaller volumes. 
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2.2.18 Genotyping 

Genotyping was performed.to determine the transgenic state of the mice, Mice were ear-marked 

as describe below, and 2-4 mm of tail was cut and put into 600 µl digestion buffer. 25 µl 

Proteinase-K (20 µg/ml) was then added to the digestion buffer contained mice tail. Samples 

were then incubated at 56oC till the tails were dissolved properly (around 6 hours). Samples 

were then centrifuged to collect tail hairs and supernatant was transferred to a fresh tube. Equal 

amount (around 600 µl) of iso-propanol was added to the samples and mixed gently. Samples 

were then centrifuged at 12000 rpm for 10 min at 4oC and then washed with 70% ethanol two 

times. Samples were then dried under the laminar flow bench and dissolved in DEPC water at 

60oC, quantified and stored at 4oC.  

For genotyping PCR, 50-100 ng of DNA was taken and added with the optimized concentration 

of PCR mix and primers and then run in PCR machine. Amplified samples were then visualized 

by agarose gel electrophoresis. 
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(only mark the last number of ID) 

Figure 2.1 Ear marking system 

 

2.2.19 Agarose gel electrophoresis 

Agarose gel electrophoresis was performed to determine the mice genotype. measure 1 g of 

agarose and mix with 100 ml 1xTAE (40mM Tris Base, 20mMAcetic Acid, 1mMEDTA 

Sodium salt dihydrate) in a microwave. About 1-3 min until the agarose is completely dissolved 

(but do not overboil the solution, as some of the buffer will evaporate and thus alter the final 

percentage of agarose in the gel.) Then let agarose solution cool down to about 50°C (about 

when you can comfortably keep your hand on the flask), about 5 min. Then add ethidium 

bromide (EtBr) to a final concentration of approximately 0.2-0.5 μg/ml (usually about 2-3 μl of 

lab stock solution per 100 ml gel). Pour the agarose into a gel tray with the well comb in place. 
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Place newly poured gel at 4°C for 10-15 min or let sit at room temperature for 20-30 min, until 

it has completely solidified. Once the gel is solid, place the agarose gel into the gel box 

(electrophoresis unit) Then load your samples and DNA marker carefully into the additional 

wells of the gel. Run the gel at 80-150 V until the dye line is approximately 50-75% of the way 

down the gel. A typical run time is about 30-45 min, depending on the gel concentration and 

voltage. Then put gel on any device that has UV light, visualize your DNA fragments. The 

fragments of DNA are usually referred to as ‘bands’ due to their appearance on the gel. 

2.2.20 Statistical analysis 

Graphs were compiled and statistical analyses were performed with Graphpad Prism software. 

Data are expressed as means ± SEM. Student’s t-test was used to detect statistically significant 

differences between groups. Significant differences between several groups were detected by 

one-way analysis of variance (ANOVA) with Bonferroni or Dunnett post hoc tests. The level 

of statistical significance was set at P < 0.05. Graphs were prepared with GraphPad Prism 6 

(GraphPad Software, La Jolla, CA, USA). 
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Result 1: Viral infection overcomes ineffectiveness of anti-

tumoral CD8+ T cell mediated cytotoxicity 

3.1.1 Systemic expansion of tumor-specific CD8+ T cells despite 

growing tumors 

Cancer development is strongly linked to accumulation of mutations that cause expression of 

high amount of tumor-specific and tumor-associated antigens. Such antigen could lead to 

activation of an anti-tumoral immune responses, which might mediate control of the tumor 

growth103-107. Advanced neoplasms acquire several properties to escape from the host's immune 

system leading to invasion of the tumor. Immune evasion mechanism includes dysregulation of 

the antigen presentation pathways, exhaustion of T cells, release of negative regulatory signals 

and recruitment of immunosuppressive cells to the tumor microenvironment supporting the 

establishment of the immune tolerance to cancer cells108-113. The immunogenic tolerance to 

tumor limits the effects of the anticancer chemotherapy and irradiation114-116. Therefore new 

approaches in anti-tumor therapy are needed to overcome the tumor immune escape. 

To determine the exhaustive capacity of a locally growing tumor we treated C57BL/6 mice with 

B16F10-OVA cells subcutaneously. Tumor cells were growing so that we could detect small 

subcutaneous melanomas around day 7. At that time, we treated mice with a single cycle 

LCMV-vector carrying the ovalbumin antigen. In the absence of growing tumors, immunization 

with LCMV-OVA led to fast expansion of OVA-specific CD8+ T cells (Fig. 3.1A). Interestingly 

presence of growing tumors accelerated the expansion of OVA-specific CD8+ T cells (Fig. 

3.1A), while treatment without LCMV-OVA did not lead to measurable OVA-specific CD8+ T 

cell responses. Next we wondered whether high frequencies of OVA-specific CD8+ T cells had 

any impact on the tumor growth. To do so we analyzed tumor size with and without LCMV-

OVA treatment. Surprisingly LCMV-OVA treatment did not affect tumor growth (Fig. 3.1B).  
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Figure 3. 1: Systemic expansion of tumor-specific CD8+ T cells despite growing tumors 

C57BL/6 mice were treated with 1×106 B16F10-OVA cells subcutaneously on day 0. Mice 

were immunized with 2×105 PFU of LCMV-OVA on day 7. A: Frequencies of Tet-OVA+ CD8+ 

T cells were analyzed in the blood (n = 4). Representative dot blots, gating strategy and 

statistical analysis of Tet+ CD8+ T-cell subpopulations from blood as measured by flow 

cytometry. only day 4 after immunization has been shown for FACS gating strategy. B: Tumor 

growth was analyzed (n = 4). *P< 0.05, **P< 0.01, ***P< 0.001 and ****P< 0.0001 (Student’s 

t-test). Data are representative of three experiments. 

 

3.1.2 Presence of growing tumors did not influence CD8+ T cell 

function 

Many human cancers contain infiltrating immune cells. In particular cytotoxic CD8+ T cells 

belong to the tumor microenvironment and play a key role in tumor eradication117-120. Antigen-
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presenting cells (APCs) provide tumor-associated antigens to the cytotoxic T cells, leading to 

priming of such T cells121,122. In fact, previous studies demonstrated that APCs, which are 

located in the lymph node (LN) internalize and cross-present tumor-associated antigens to 

cytotoxic CD8+ T cells103,123-125. Beside the APCs, malignant cells are also able to trigger 

activation of cytotoxic T cells126. 

Next we aimed to analyze whether the localization and/or function of OVA-specific CD8+ T 

cells could explain unaffected tumor growth in LCMV-OVA treated mice. Therefore, we 

performed tetramer staining of T cells isolated from spleen, tumor-draining lymph nodes and 

tumors 10 days after LCMV-OVA immunization. Frequencies of Tet-OVA+ CD8+ T cells were 

significantly increased in spleens, lymph nodes and tumor of mice, which had received 

subcutaneous B16-OVA melanomas in addition to LCMV-OVA (Fig. 3.2A). In line IFN-

gamma production of T cells from secondary lymphoid organs and tumor after in vitro 

restimulation was enhanced in B16-OVA bearing mice, which were immunized with LCMV-

OVA (Fig. 3.2B). These data further supported that presence of B16-OVA tumors rather 

enhanced the anti-tumor immune response than suppressing it. From these data it remains 

unclear, why tumors still grow in the presence of tumor-specific CD8+ T cells. 
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Figure 3.2: Presence of growing tumors do not influence CD8+ T cell function 

C57BL/6 mice were treated with 1×106 B16F10-OVA cells subcutaneously on day 0. Mice 

were immunized with 2×105 PFU of LCMV-OVA on day 7. A: Frequencies of Tet-OVA+ CD8+ 

T cells were analyzed in spleen, tumor draining lymph Node and tumor on day 17 (n = 4). 

Representative dot blots, gating strategy and statistical analysis of Tet+ CD8+ T-cell 

subpopulations from different organs as measured by flow cytometry.  B: Frequencies of IFN-

gamma producing CD8+ T cells were analyzed in spleen, tumor draining lymph Node and tumor 

after in vitro restimulation on day 17 (n = 4). Representative dot blots, gating strategy and 

statistical analysis of Tet+ CD8+ T-cell subpopulations from different organs as measured by 

flow cytometry. *P< 0.05, **P< 0.01, ***P< 0.001 and ****P< 0.0001 (Student’s t-test). Data 

are representative of three experiments. 

 

3.1.3 Tumor-specific CD8+ T cells show normal cytotoxic function 

in vivo 

T cells play a crucial role of an anti-tumor therapy127-130. Due to their ability to recognize tumor 

surface antigen, infiltrate to the tumor area and to effectively emilite the target cells, T cells are 

one of the preferred cells that are taken into consideration for the anti-tumor therapy. 

Specifically, cytotoxic CD8+ T-cells are of crucial interest in virotherapy. However, lots of solid 

results showed that failure of CD8+ T cell meditated tumor immunity are due to CD8+ T cells 

lost their cytotoxicity131-135.  

Next, we wondered whether the systemic and local cytotoxicity is influenced by growing 

tumors. Therefore we infected mice with LCMV-OVA and then on day 7 injected B16-OVA 

cells subcutaneously. 24 hours later the amount of injected tumor cells within the injection area 

were quantified. LCMV-OVA pretreated mice reduced the number of subcutaneously 

detectable tumor cells (Fig. 3.3A). This confirmed the anti-tumoral capacity of OVA-specific 

CD8+ T in immunized mice. Next we analyzed whether the presence of B16-OVA tumor cells 

reduces the cytotoxicity of OVA-specific CD8+ T cells. Therefore we treated mice with LCMV-
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OVA. One group of mice received additionally B16-OVA cells. Cytotoxicity was analyzed 

after 24 hours by injecting CFSE labeled peptide loaded splenocytes. Presence of B16-OVA 

cells did not influence specific lysis of OVA-loaded splenocytes within the draining lymph 

node (Fig. 3.3B). However, presence of B16-OVA cells accelerated cytotoxicity of OVA-

specific CD8+ T cells within the injection site (Fig. 3.3B). Next we asked whether bigger tumors 

similarly accelerate local CD8 T cell responses. To do so, C57BL/6 mice were treated with 

B16F10-OVA cells subcutaneously on day 0. Mice were immunized with 2×105 PFU of 

LCMV-OVA on day 7 and in vivo cytotoxicity was determined eight days later. Circulating 

OVA-specific T cells from mice harboring growing subcutaneus melanomas showed enhanced 

cytotoxicity in blood when compared to control animals (Fig. 3.3C). Together these data 

suggest, that in our model, growing tumors rather enhanced the frequencies and cytotoxic 

activity of tumor-specific CD8+ T cells than limiting it. 
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Figure 3. 3: Local tumor-specific CD8+ T cells are cytotoxic 

A: C57BL/6 mice were treated without (Control) or with 2×105 PFU LCMV-OVA on day 0. On day 7 

mice were treated with 1×106 B16F10-OVA cells subcutaneously. Number of B16F10-OVA cells in the 

subcutaneous injection area was analyzed on day 8 (n = 4). B:  C57BL/6 mice were treated without 

(Control) or with 2×105 PFU LCMV-OVA on day 0. On day 7 B16F10-OVA cells were injected 

subcutaneously. In vivo cytotoxicity was analyzed 24 hours later (n=4).  C: C57BL/6 mice were treated 

with 1×106 B16F10-OVA cells subcutaneously on day 0. Mice were immunized with 2×105 PFU of 

LCMV-OVA on day 7. In vivo cytotoxicity was analyzed on day 15 in blood and the tumor (n=4). *P< 

0.05, **P< 0.01, ***P< 0.001 and ****P< 0.0001 (Student’s t-test). Data are representative of three 

experiments. 

 

3.1.4 Growing melanoma cells down-modulate MHC-I in vivo 

Beside the APCs, malignant cells are also able to trigger activation of cytotoxic T cells136. 

Presentation of tumor-specific neoantigens as well as tumor-associated antigens occur by MHC 

class I molecules expressed on the surface of tumor cells enabling cytotoxic T cells to recognize 

the antigen 136,137. In response to the detection of foreign antigens, cytotoxic T cells attack and 

destroy the MHC-I positive malignant cells.  However, tumors use different escape 

mechanism to bypass the immunosurveillance by cytotoxic T cells. Loss or downregulation of 

MHC-I is a frequent mechanism allowing the neoplasms to evade identification by cytotoxic T 

cells 117,136. MHC-I downregulation was observed in a variety of malignancies revealing an 
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association with progression or recurrence of disease, overall survival and increase in 

metastasis138-140. In particular, in tumors derived from epithelia, MHC-I molecules were 

reduced in more than 75% of patients141. Decrease of the MHC-I expression in tumors is a result 

of structural alterations in genes encoding MHC-I heavy chain, β-microglobulin or components 

of the antigen processing machinery126,142. 

We wondered about the mechanism of limited anti-tumoral cytotoxicity against the tumors. To 

get insights we performed immunofluorescence of tumor cells or tumors from B16F10-tumors 

bearing C57BL/6 mice. We found that while tumor cells in vitro had high expression of MHC-

I, advanced tumors showed limited MHC-I expression (Fig. 3.4). 

 

 

Figure 3. 4: Growing melanoma cells down-modulate MHC-I 



 

50 

 

Immunofluorescence of tumor cells or tumors from B16F10-tumors bearing C57BL/6 mice (n 

= 4). Scale bar, 200 µm.  

 

3.1.5 Innate activation by Candid#1 and LCMV restored MHC-I 

expression 

Viruses have been long studied and have found play an important role in anti-tumor immunity. 

For example, oncolytic viruses have been studied and modified to be better suited as therapeutic 

agents, some oncolytic virus like HF10 (Canerpaturev-C-REV)143 and CVA21 (CAVATAK)144 

has been used as clinical trials. However, oncolytic-viruses have serval side-effects due to their 

oncolytic effect, it might cause chronic infection due to lowered immune responses. So, in 

comparison, our LCMV virus have minimal side-effects. 

Here we wondered about the anti-tumor efficacy of the oncolytic viruses as compared to in anti-

tumor immunity. 

We postulated that lack of inflammatory signals within the tumor led to limited MHC-I 

expression. For this we injected a melanoma cells B16F10-OVA to establish subcutaneous 

tumors in mice. Once the tumor reached around 5mm, we injected 2x104 PFU LCMV-WE or 

same dose Junin virus vaccine Candid#1 peritumorally along with the medium as control in the 

other mice. Following the course of the tumor growth, we observed strong up-regulation of 

MHC class I in virus-treated mice than compared to the control (Fig. 3.5).  
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Figure 3. 5: Candid#1 and LCMV restored MHC-I expression 

C57BL/6 mice were treated with B16F10-OVA cells on day 0. Mice were treated with LCMV 

or Candid#1 and day 7 and MHC-I expression was determined on day 20 (n = 4). Scale bar, 

200 µm. 

 

3.1.6 LCMV activated tumor specific CD8+ T cells and limited 

tumor growth 

Viruses are well known to stimulate the innate and adaptive immune system. Recently, viral 

therapy was considered as a promising approach to fight cancer. Cancer cells are a good target 

for non-oncolytic viruses which replicate selectively and kill tumor cells without harming 

normal tissue 145,146. In mouse modes, previous research showed that acute infections with WE 

strain of lymphocytic choriomeningitis virus (LCMV-WE) exert antitumor effects 111,147,148. 
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Beside these principal inflammatory stimuli, LCMV can be used as a vaccine vector to 

immunize against tumor antigens 149-152. 

LCMV infection induced innate and adaptive immunity. This results in the infiltration of the 

cytotoxic CD8+ T cells to the site of infection. We therefore checked for the cytotoxic CD8+ T 

cells in our model of LCMV-WE induced MHC class I up-regulation. We engrafted 5x105 cells 

on the left flank of the CD45.1 mice subcutaneously and transferred CFSE-labeled OT-1 cell 

(CD45.2) once the tumors are visible. Then we injected 2x104 PFU LCMV peritumorally 24 

hours later. Tumors were then harvested 5 days post infection and were analyzed. Results 

displayed naïve tumor-specific CD8+ T cells proliferated and expanded upon LCMV infection 

(Fig.3.6A, B). In line, virus infection accelerated the infiltration of tumor-specific CD8+ T cells 

into the tumor (Fig. 3.6C).  

To see whether the lack of this innate signal was the reason for unaffected tumor growth, we 

again treated C57BL/6 mice with B16F10-OVA cells on the left flank. One group of mice was 

treated with LCMV-OVA peritumorally. Another group was treated with LCMV-OVA and 

additionally treated with Candid#1 peritumorally. Then tumor growth was measured every 3 

days after virus treated. Results showed that non-treated tumor bearing mice were unable to 

control the tumor whereas only LCMV-OVA-treated mice showed limited tumor regression, 

combine LCMV and Junin virus vaccine Candid#1 showed efficient tumor regression (Fig. 

3.6D). 
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Figure 3. 6: LCMV activated tumor specific CD8+ T cells and limited tumor growth 

CD45.1 mice were treated with B16F10-OVA cells on day 0. On day 7 CFSE-labeled OT-1 

cell (CD45.2) were injected intravenously and mice were infected with LCMV on day 8. 

Proliferation of OT-1 cells in the draining LNs was analyzed on day 13 by CFSE dilution later 

(A, n = 4).  Total number of tumor-specific CD8+ T cells was determined in the draining lymph 

node (B, n = 4). Infiltration of tumor-specific CD8+ T cells was determined by 

Immunofluorescence (C, n = 4). D: C57BL/6 mice were treated with B16F10-OVA cells on 

day 0. Mice were treated with Candid#1 and day 7 and tumor growth was monitored. *P< 0.05, 

**P< 0.01, ***P< 0.001 and ****P< 0.0001 (Student’s t-test). Data are representative of three 

experiments. 
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Result 2: CEACAM1 antibody promotes CD8+ T cell 

responses  

3.2.1 Anti-CEACAM1 mAb treatment enhances CD8+ T cell 

function 

CEACAM1 molecular has two different major isoforms, including short Ig-like ectodomains 

(e.g., CEACAM1-S) and long (e.g., CEACAM1-L) cytoplasmic domains. CEACAM1-L has 

two immunoreceptor tyrosine-based inhibitory motifs (ITIMs)154-156,177. Moreover, CEACAM1 

is up-regulated in activated mouse T cell and is considered as an inhibitory receptor178 that 

suppresses CD4+ T cell activation179,180. Depending on the concentration of intracellular 

calcium (Ca2+)159,181, CEACAM1-L and CEACAM1-S variants can be dimerized on cell 

membrane. Interestingly, the cytoplasmic variants of CEACAM1-L and CEACAM1-S show 

both activating and inhibitory signals159,182-184. In the absence of CEACAM1-4L, CEACAM1-

4S exhibits strong induction of regulatory T cells (Treg) and follicular helper T cells (Tfh cells) 

in the intestine180. In other studies however, it has been reported that CEACAM1 represses 

CD4+ T cell activation by interacting with TIM3185.  

We hypothesized that anti-CEACAM1 mAb treatment could modulate the virus specific CD8+ 

T cell function in vivo. To prove our hypothesis, the WT and Ceacam1–/– mice were treated 

with an isotype control mAb or with anti-CEACAM1 mAb (clone CC1). All the mice were 

infected with 2 × 104 PFU of LCMV-Docile (Fig. 3.7a). WT mice treated with anti-CEACAM1 

mAb exhibited raised virus-specific CD8+ T cell number (measured by GP33-specific tetramer 

(Fig. 3.7b)). As the number of virus-specific CD8+ T increased, LCMV was rapidly cleared 

(Fig. 3.7c). 

Next, we asked during an ongoing LCMV infection, the treatment with anti-CEACAM1 mAb 

would play a role in virus clearance. To that end, WT mice were infected with 2 × 104 PFU of 

LCMV-Docile on day 0, After 8 days, a chronic viral infection was established in those mice.  

After day 16 of infection, we treated one group with anti-CEACAM1 mAb and a separate group 
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with isotype mAb (Fig. 3.7d). The data revealed that anti-CEACAM1 treated mice showed 

decreased virus titers than isotype control mAb treated mice (Fig. 3.7e). Then, we hypothesized 

that this rapid virus clearance may be due to enhanced virus specific CD8+ T cell response. In 

order to verify this, equal number of P14 × WT (CD45.1) splenocytes were transferred into 

Ceacam1–/– mice on day -2. And then mice were treated with isotype control mAb or anti-

CEACAM1 mAb on day -1. On day 0, 2 × 104 PFU of LCMV-Docile was infected 

intravenously (Fig. 3.7f). Our data revealed that anti-CEACAM1 mAb treated mice showed 

enhanced CD8+ T cell response, both in numerically by the ability to produce GP33+ CD45.1+ 

T cells in blood and spleen (Fig. 3.7g) and functionally by the ability to produce IFN-γ cytokine 

(Fig. 3.7h). Taken together, anti-CEACAM1 mAb treated mice showed enhanced function of 

CD8+ T cells on both quantitative and qualitative level. Therefore, mice treated with anti-

CEACAM1 mAb restored the function of exhausted CD8+ T cells in chronic viral infection. 
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Figure 3. 7: Anti-CEACAM1 mAb treatment enhances CD8+ T cell expansion and viral 

control 

a: Experimental setup. b-c: one group of wild-type (WT) and Ceacam1–/– mice received anti-

CEACAM1 mAb on day –1 and day 3, and another group of WT and Ceacam1–/– mice received 

an equal amount of isotype antibody on the same day, then infected WT and Ceacam1–/– mice 

with 2 × 104 PFU of LCMV-Docile on day 0. b, c Graphs showing percentage of virus-specific 

Tet-GP33+ CD8+ T cells in blood (b) and viral titers in serum (c) in indicated groups over the 

indicated times. Statistical significance is shown between the WT mice treated with IgG isotype 

control groups and the WT mice treated with α-CC1 mAb groups (n = 3–6 per 

group). d: Experimental setup. e: on day 0, Wild-type (WT) mice were infected with 

2 × 106 PFU of LCMV-Docile. After day 16 of infection, mice were treated with 200 µg  IgG 

isotype antibody per mouse or with anti-CEACAM1 mAb.  Viral titers in serum (left panel) 

over the indicated times and in indicated organs (right panel) on day 60 after infection (n = 4–

8 per group). f: Experimental setup. g–i: on day –2, 1 × 104 P14 × CD45.1 WT splenocytes 

were given to Ceacam1–/– mice. One group of these mice was additionally treated with anti-

CEACAM1 mAb, and another group was treated with an equal amount of an isotype antibody 

on day –1 and on day 3, then mice were infected with 2 × 104 PFU of LCMV-Docile on day 0. 

Mice were analyzed on day 8 after infection. g: Absolute number of transferred Tet-

GP33+ CD45.1+ CD8+ T cells in blood and spleen of host Ceacam1–/– (CD45.2) mice (n = 5–7 

per group). h: Intracellular cytokine IFN-γ secretion from transferred P14 × CD45.1 WT 

CD8+ T cells (n = 5–7 per group). I Viral titers in the indicated organs of the recipient mice 

(n = 5–7 per group). *P < 0.05, **P < 0.01, ***P < 0.001 (Student’s t test). ns = not significant. 

Data are representative of two (b, c, e, g–i) independent experiments (mean ± SEM; b, c, e, g–

i) 

3.2.2 anti-CEACAM1 mAb reduces immunopathology 

We subsequently studied whether anti-CEACAM1 mAb treatment could regulate the 

immunopathology in vivo. The WT and Ceacam1–/– mice were treated with isotype control 
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mAb or with anti-CEACAM1 mAb (clone CC1) on day -1 and were infected with 2 × 104 PFU 

of LCMV-Docile on day 0. After 8 days, all the mice were sacrificed, and serum were collected 

for the measure of activity of the liver-specific enzymes alanine transaminase (ALT) and 

aspartate transaminase (AST). We found that WT mice treated with anti-CEACAM1 mAb 

showed enhanced CD8+ T cell function and faster virus clearance. Moreover, faster virus 

clearance reduced liver hepatocytes damage and hence led to reduced immunopathology (Fig 

3.8). 

 

 

Figure 3. 8: Treatment with anti-CEACAM1 mAb reduces immunopathology 

Wild-type (WT) and Ceacam1–/– mice were given equal amounts of eitheranti-CEACAM1 

monoclonal antibody (mAb; cloneCC1) or isotype antibody on day-1 (100 µg per mouse) and 

on day 3(200 µg per mouse). All mice followed by infection with 2×104 PFU of LCMV-Docile 

on day 0. Graphs show the activity of serum alanine transaminase (ALT) and aspartate amino 

transferase (AST)in indicated groups on day 8 after infection (n= 3 per group; mean ± SEM). 

 

 

3.2.3 Anti-hCEACAM1 mAb enhances T cell functions of human 

cells 

Next, we wondered that in human peripheral blood mononuclear cells (PBMCs), anti-human 

CEACAM1 mAb could promote the function of virus-specific CD8+ T cells or not. First of all, 

we checked the binding affinity of human CEACAM1 mAb (strain 18/20, made in lab) on 
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human CD8+ T cells obtained from healthy donors. Anti-human CEACAM1 mAb showed 

strong binding affinity on human CD8+ T cells in PBMCs (Fig. 3.9a). Then, we used PBMCs 

from healthy donors to check whether lab made anti-human CEACAM1 antibody could 

enhance CD8+ T cell function. PBMCs from healthy donors were stimulated with influenza 

peptide (GILGFVFTL) in the presence of anti-CD28 antibody, and then cultured with or 

without anti-human CEACAM1 mAb. The results showed that after restimulation with 

influenza peptide anti-human CEACAM1 mAb enhanced IFN-γ production by CD8+ T cells 

(Fig. 3.9b). We observed similar phenotype when we stimulated the PBMCs with 

cytomegalovirus peptide (NLVPMVATV). In the presence of anti-human CEACAM1 antibody, 

the PBMCs from healthy donors showed higher CD8+ T cell produced IFN-γ (Fig. 3.9c). We 

also wondered whether anti-human CEACAM1 antibody can enhance the CD8+ T cell function 

in vivo. We used a transgenic mouse strain which lacked of murine CEACAM1 and expressed 

human CEACAM1 on cell surface. This splenic structure of naïve hCeacam1 +/+ × msCeacam1–

/– transgenic mice resembled naïve WT mice (Fig 3.9d) and expressed substantial levels of 

CEACAM1 on CD8+ T cells and CD4+ T cells from peripheral blood (Fig. 3.9d). The 

hCeacam1+/+ × msCeacam1–/– transgenic mice were treated with anti-human CEACAM1 

antibody and then infected with intermediate-dose of LMCV docile (Fig. 3.9e). The mice 

treated with anti-human CEACAM1 antibody showed significant higher virus-specific CD8+ T 

cell number especially the GP33 tetramer-specific CD8+ T cell number than isotype control 

mAb treated group. We also observed slightly increased NP396 tetramer-specific CD8+ cell 

number in anti-human CEACAM1 treated group (Fig. 3.9f). Therefore, we draw a conclusion 

that anti-hCEACAM1 mAb treated mice enhances virus-specific CD8+ T cell function and 

number both in vitro and in vivo. 
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Figure 3. 9: Treatment with anti-hCEACAM1 mAb improves CD8+ T cell function in 

human cells 

a: Representative fluorescence-activated cell sorting (FACS) histogram (left panel) showing 

the expression of CEACAM1 and mean fluorescence intensity (MFI) levels (right panel) of 

naïve CD8+ T cells from the peripheral blood of healthy donors (n = 10). b-c: Intracellular 

cytokine (interferon-γ (IFN-γ)) secretion by peripheral blood mononuclear cells (PBMCs) from 

healthy donors that were cultured with Flu peptide together with anti-CD28 antibody (b) or 

with or without cytomegalovirus (CMV) peptide (c) and human interleukin-2 (IL-2) in the 

presence or absence of anti-hCEACAM1 antibody (40 µg ml–1; clone 18/20) for 10 days. 

Cytokine production was assessed by restimulation of PBMCs with or without Flu peptide 

(b, n = 8–10 per group) for 6 h or with CMV peptide (c; n = 9 per group) for 8 h at 37 °C, as 

measured with flow cytometry. d: Histogram showing mean fluorescence intensity (MFI) 

levels of CEACAM1 expression in peripheral blood CD8+ (left panel) and CD4+ (right panel) 

T cells from hCeacam1+/+ × msCeacam1–/– mice as measured by flow cytometry (n = 4–5 per 

group). Representative immunofluorescence of sections from spleens of naive wild-type 
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(WT), Ceacam1–/–, and hCeacam1+/+ × msCeacam1–/– mice after staining for marginal zone 

macrophages (CD169, red), T cells (CD90.2, green), and B cells (B220, blue) (n = 4–5 per 

group). Scale bar, 300 µm. One slide representative of four or five slides is shown. e: 

Experimental setup. Human CEACAM1 transgenic mice (hCeacam1+/+ × msCeacam1–/–) were 

injected with anti-hCEACAM1 antibody (clone 18/20) or isotype antibody on day –1 

(100 µg/mouse) and day 3 (200 µg/mouse), followed by infection with 2 × 104 PFU of LCMV-

Docile on day 0. f: Number of virus-specific Tet-GP33+ (left panel) and NP396+ (right panel) 

CD8+ T cells in blood from hCeacam1+/+ × msCeacam1–/– mice on day 8 after infection (n = 5 

per group). *P < 0.05, **P < 0.01, ***P < 0.001; ****P < 0.0001 (Student’s t test). Data are 

representative of two (a, d, f) or three (b, c) experiments (mean ± SEM; a–d, f) 
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4.1 The role of CD8+ T cells in LCMV meditated anti-

tumor immunity. 

T cells especially CD8+ T cells play an important role in the anti-tumor immunity. In tumor 

microenvironment, infiltration of CD8+ Tcells recognizes tumor associated antigens (TAAs) 

and leads to cytotoxic CD8+ T cells mediated capacity to kill tumor cells. Although down 

regulation of MHC-I and MHC-II along with TAAs contribute to tumor cells which escape 

from the CD8+ T-cell mediated killing tumor cells186, there are several ways to improve T-cell 

mediated anti-tumor immunity. The most common approach is to activate CD8+ T cells or to 

enhance the recruitment of CD8+ T cells function in the tumor microenvironment via biological 

way, such as checkpoint monoclonal antibody. In our lab, we already revealed that arenaviruses 

like LCMV modulated the recruitment of CD8+ T cells into tumors area and also enhanced 

CD8+ T cell function187. When tumor-bearing mice were infected with LCMV via intratumoral 

and this infection led to indentation of LCMV antigen by the host immune system which 

resulted in an antiviral response within the tumor area, LCMV infected tumor cells were killed 

by host immune system which resulted in viral particles presentation along with TAAs, and 

these antigens led to anti-tumor T cell activation. Our previous studies showed that LCMV 

infection resulted in various immune cells infiltrated in tumor area, including monocytes such 

as CD8+ and CD4+ T cells, macrophages and dendritic cells. CD8+ T cells infiltration squint 

towards a biological marker to the T cell mediated anti-tumor immunity. Although our recent 

studies convinced that LCMV-dependent tumor suppression was largely dependent on CD8+ T 

cells. To identify the role of tumor specific CD8+ T cells, my colleagues used OVA-specific T 

cells which showed enhanced anti-tumoral immunity with LCMV-WE treatment. These results 

showed that CD8+ T cells play an essential role in the LCMV-mediated antitumor activity. 

In this study, we showed that growing B16F10-OVA cells did not lead to systemic exhaustion 

of tumor specific CD8+ T cells. While tumor-specific CD8+ T cells entered the tumors from 

TdLN via blood circulation, these cytotoxic T cells did hardly react against the tumor cells. We 
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found that strong down regulation of MHC-I expression on advanced tumor cell surface was 

the one of reasons for unresponsiveness against the tumor. But presence of LCMV induced 

innate immune activation, restored the MHC class I expression on tumor cells, enhanced T cell 

function in TdLN and led to tumor regression. 

Cytotoxic CD8+ T cells belong to the tumor microenvironment and are key component in anti-

tumor immunity188,189. Other groups’ studies demonstrated that APCs or malignant cells 

internalize and cross-present tumor-associated antigens to cytotoxic CD8+ T cells in the lymph 

node136. Tumor cells express MHC class I molecules on surface and allow cytotoxic CD8+ T 

cells to recognize the tumor cells and then attack and destroy the tumor cells. However, tumor 

could down regulate MHC class I expression on cell surface to avoid interacting with cytotoxic 

CD8+ T cells and lead to cytotoxic CD8+ T cells exhaustion106. In some tumor patients derived 

from epithelia, the MHC-I molecules expression were decreased more than 75%141. Viruses are 

able to stimulate the innate and adaptive immune system in the host. Some cancer cell lines are 

potential targets for non-oncolytic viruses which replicate selectively in the mouse model and 

kill tumor cells without destroying normal tissues146,190. Previous research from us showed that 

the arenaviruses LCMV and the clinically used Junin virus vaccine (Candid#1) exert strong 

antitumor effect in a variety of cancer models111. 

 

4.2 LCMV virotherapy shows better anti-tumor effect and 

immune modulation 

The ability of different viruses to kill tumor cells has been studied for several decades. In 2015 

an oncolytic herpesvirus (Talimogene laherparepvec, Amgen, Inc.) is approved by Food and 

Drug Administration and European Union (EU). It is a genetically administered herpes simplex 

virus 1 (HSV-1) that expresses human cytokine granulocyte-macrophage colony stimulating 

factor (GM-CSF) with anti-tumor and immune-stimulating activities191. It specifically 

replicates within tumor cells and causes lysis. The mechanism of oncolytic therapy has long 

been considered as specific of viral oncolysis. Many oncolytic viruses have been studied for the 
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anti-tumoral activities and used in clinic trails. These anti-tumor effects of oncolytic viruses are 

majorly based on the virus infection and lysis of the target tumor cells. Oncolytic viruses are 

used and developed as different kinds of anti-cancer reagents which are accepted throughout 

the world, for example, Talimogene laherparepvec is an oncolytic treatment used in local 

treatment of unresectable cutaneous, subcutaneous, and nodal lesions in patients with recurrent 

melanoma192. 

Oncolytic viruses induced tumor regression attributed to the lysis ability of oncolytic viruses 

along with the induction of inflammatory response193. Although plenty of different groups 

studied on oncolytic viruses induced anti-tumor effect, these studies in laboratories and clinical 

trials still showed slight advantage over tumor immunity. These oncolytic viruses need to be 

modified to a greater extension to prevent the damage of normal host-cells. In our laboratory, 

we mainly work on non-oncolytic arenavirus LCMV which is used as anti-tumor viral therapy. 

In nature environment, arenaviruses are cytopathic and induce immune response which is 

majorly regulated by cell mediated immunity. In our previous studies, we revealed that LCMV 

treatment led to tumor regression over a prolong period of time. This tumor regression was 

observed in plenty of different tumor models and was based on cell mediated immunity. In 

comparison with other oncolytic viruses, such as oncolytic recombinant vesicular stomatitis 

virus (rVSV) and oncolytic recombinant vaccinia viruses (rVACV), our previous finding also 

showed that LCMV is therapeutically much more efficient than rVSV and rVACV as anti-

tumor therapy. Viral treatment in oncolytic viruses also depends on the virus dose and injection 

site. However, the application of LCMV as a therapeutic strategy in the clinic is still at the very 

early stages of clinical trial. In our laboratory, we mainly use the laboratory strain of LCMV 

(LCMV-WE) and study its impact on human beings. We found that LCMV-WE can still be 

quite harmful. Hemorrhagic fevers are mainly caused by arenaviruses and thus LCMV needs 

to be investigated carefully and to minimize the side effects to human beings, before the 

arenaviruses are used in clinical trials. 

Studies from others, such as Ochsenbein et al.120 and Flatz et al.149, used LCMV as a model to 

activate tumor-specific CD8+ T cells. In agreement with their work, we could conclude that in 

tumor microenvironment not all the cytotoxic T cells underwent potent exhaustion. Most T cells 
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in the peripheral organ were still showed high cytotoxicity. More important, melanoma cells 

could activate tumor-specific CD8+ T cells at the early stage. However, tumor cytotoxic T cells 

still did not respond at the late stage of tumors. Furthermore, we showed that this cytotoxic T 

cell unresponsiveness was due to the low level of MHC I expression of tumor cells. For non-

oncolytic arenavirus viruses such as LCMV and Junín virus vaccines, Candid#1 restored MHC 

class I expression, and LCMV enhanced T cell proliferation in TdLN. 

The low amounts of CD8+ T cells infiltrating in tumor and the low expression level of MHC 

class I on tumor surface might explain the failure of cytotoxic T cells regulating the tumor 

growth. More important, LCMV infection accumulated and activated intratumoral CD8+ T 

effector cells in the tumor area and TdLN, meaning that in B16F10-OVA melanoma the limited 

infiltration of CD8+ T cells were recovered by LCMV, which is mainly used non-oncolytic 

arenavirus. After LCMV treatment, the ability of CD8+ T cells proliferation and differentiation 

was highly enhanced in draining LNs. Further, LCMV combined PD-1 blocking antibody 

significantly reduced the growth of tumor compared to LCMV treatment alone. 

 

4.3 CEACAM1 antibody facilitates viral control in mouse 

Carcinoembryonic antigen related cell adhesion molecule 1 (CEACAM1, CD66a or biliary 

glycoprotein) is a member of the carcinoembryonic antigen (CEA) family. CEACAM1 has very 

diverse functions in the immune system. CEACAM1 has been described primarily as a regulator 

of T cells in the gut152,153,155,171–173. It is engaged in cell-cell communication that affects various 

signal transduction processes associated with cell activation, proliferation, differentiation and 

apoptosis166,194,195. It was reported that CEACAM1 has very diverse functions in the immune 

system. Other studies showed that CEACAM1-L inhibits T-cell proliferation and therefore 

prevents inflammatory bowel disease whereas expression of CEACAM1-S is essential for the 

development of follicular T helper cell–driven IgA production by gut B cells177,196-198.    
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Nakajima A et. al177 showed that CEACAM1 is not only expressed on epithelial cells but also 

on T cells. The expression of CEACAM1 on T lymphocytes revealed that CEACAM1 plays an 

important role in T cell activation. On the resting T cells, CEACAM1 cannot be detected on the 

cell surface, however, upon activation, CEACAM1 is rapidly up-regulated and can be detected. 

The up-regulation of CEACAM1 expression required neither de novo transcription nor 

translation. The studies implied three different scenarios. In the first scenario, CEACAM1 could 

not be excluded that the epitope was recognized on CEACAM1 by CEACAM1 specific 

antibody. This recognition only occurred when T cells were activated, although the CEACAM1 

molecule is expressed on the resting T cell surface. In the second scenario, CEACAM1 was to 

be defined as intracellular compartment. Upon T cell activation, it was released from cytosol 

and transported to the cell surface. Additionally, CEACAM1 was usually directed to the cell 

surface. But due to cell surface recycling, CEACAM1 is rapidly internalized and stabilized on 

the cell surface as a consequence of T cell activation. In the third scenario, CEACAM1 could 

be associated with adaptor protein 1 and CTLA-4. When CEACAM1 retained intracellularly 

before T cell activation, CEACAM1 is associated with adaptor protein 1 and adaptor protein 2 

and tyrosine phosphorylation could inhibit this association. That means, the interaction between 

CEACAM1 and adaptor protein 1 was defined as intracellular location where it is retained. The 

brefeldin A did not inhibit CEACAM1 expression which were induced by T cell activation. As 

observed in epithelial cells, CEACAM1 could also associated with SHP-1 or SHP-2 on the cell 

surface. As discussed above, an alternative scenario is that CEACAM1 is rapidly recycling 

between the cell surface and endosomes, and this recycling does not depend on CD3/TCR 

complex signaling. In this case T cell activation would be predicted to serve in the stabilization 

of CEACAM1 on the cell surface. 

T cell activation mainly depends on expression of the kinetics of CEACAM1 isoform on T cells. 

Plenty of solid data reveal that CEACAM1 long form (CEACAM1-L) is more like an inhibitory 

receptor on T cell activation, whereas the CEACAM1 short form (CEACAM1-S) is a T cell 

activator which is independent activator199. During mucosal inflammation, such as dextran 

sodium sulfate (DSS) derived bowel disease mouse inflammation models, Ceacam1−/− mice 

show up-regulation of Th1 cytokines which is pro-inflammatory cytokines, due to a short of the 
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expression of CEACAM1-L on T cells. Surprisingly, the ligation between CEACAM1 and 

MHV spike proteins blocks the Th1 differentiation200. In addition, CEACAM1 can also interact 

with the activation-induced inhibitory co-receptor which is immune checkpoint regulator T cell 

immunoglobulin domain and mucin domain-3 (TIM-3) protein. In bowel disease, CEACAM1 

is co-expressed with TIM-3 during chronic viral infection and also in colon tumors. However, 

as discussed above, CEACAM1 can also adopt tolerogenic properties by propagating regulatory 

T cell induction and stability, depending on the variant CEACAM1 isoform expression. 

CEACAM1-L isoform is generally accepted as an inhibitory receptor, CEACAM1-S expressed 

on T cells regulates T cell-borne inflammation via inducing regulatory T cells. 

In our previous studies, we showed the activating role of CEACAM1 in chronic virus infections. 

We also found that CEACAM1 is a T cell intrinsic molecule defining the fate of T cells. Lack 

of CEACAM1 resulted in limited TCR signaling and insufficient CD8 T-cell priming. 

Molecularly CEACAM1 was involved in Lck recruitment into the immunological synapse, and 

thereby promoted phosphorylation of Zap-70, PLCγ1 and Erk44/42201. 

CEACAM1 was expressed on virus-specific CD8+ T cells in the LCMV mouse model. 

Expression of CEACAM1 on CD8+ T cells enhanced TCR signaling in virus-specific CD8+ T 

cells via recruitment of Lck at immunological synapse. Lack of CEACAM1 on CD8+ T cells 

limited T cell expansion and resulted in virus persistence and immunopathology. Lack of 

CEACAM1 led to decreased TCR activation and limited phosphorylation of ZAP70, PLCγ-1 

and Erk. Therefore, we identified CEACAM1 as one major player in the activation of CD8+ T 

cells201.  

Furthermore, we found that treatment with anti-CEACAM1 antibody enhanced the LCMV 

specific CD8+ T cell response and chronic infection was controlled within three weeks during 

persistent virus infection. An anti-human CEACAM1 antibody improved the function of virus-

specific CD8+ T cells both in vitro and in vivo. We propose that anti-CEACAM1 treatment 

stabilizes Lck within the TCR signaling complex. This mechanism could add to the recently 

described interaction of CEACAM1 with T-cell immunoglobulin domain and mucin domain-3 

(TIM-3). This study clearly showed that anti-CEACAM1 antibody blocks the interaction of 
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TIM-3 and CEACAM1 and thereby limits ITIM phosphorylation resulting in prolong TCR 

signal.  

In conclusion, we found that CEACAM1 is a major player in resolving chronic viral infections. 

Further, treatment with anti-CEACAM1 antibody enhances the antiviral CD8+ T cell responses. 

In addition to this effect, effects on other immune components, might benefit to the faster 

control of virus infection or cancer. Use of anti-CEACAM1 antibody for chronic virus infection 

might be a potential therapeutic option.  

From these two studies, we could conclude that CEACAM1 plays an important role in restoring 

chronic viral infections and CEACAM1 antibody treatment shows significantly enhanced 

antiviral CD8+ T cell responses. Further, B16F10-OVA cells could activate cytotoxic CD8+ T 

cells. LCMV enhanced T cell priming in TdLNs, infiltrating in tumor as well as targeting tumor 

regression. 
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Summary 

Viral infections can cause severe diseases in mammals, especially human being, however 

recently studies showed that some type of viral infection could help tumor patients to control 

the tumor growth. Understanding the mechanisms how immune system combat against viral 

infection and using viruses against lethal diseases such as cancer could help to develop better 

treatment therapies and vaccines to treat patients. In this thesis, we have investigated the role 

of cell adhesion molecule (CEACAM1) in LCMV infection and how LCMV influences tumor 

growth in tumor-bearing mice. 

Here in this study, we demonstrated that murine carcinoembryonic antigen-related cell adhesion 

molecule 1 (CEACAM1) antibody promote T cells response during lymphocytic 

choriomeningitis virus (LCMV) infection. Human CEACAM1 antibody enhance Human T cell 

function in vitro. This study clearly showed that CEACAM1 antibody could improve T cell 

response in mouse and human. 

In another set of experiments, we investigated the role of virus infection in the B16F10-OVA 

model. We found tumor-specific CD8+ T cells homed into tumors, and hardly react against the 

tumor cells. Reason for unresponsiveness against the tumor was a strong down-regulation of 

MHC-I in an advanced tumor. Innate immune activation by LCMV restored the MHC class I 

expression, enhanced T cell function and led to tumor regression. This investigation shows that 

growing tumor cells do not necessarily lead to systemic exhaustion of the anti-tumoral CD8+ T 

cell response. Lack of innate signals is an additional reason for limited CD8+ T cell mediated 

cytotoxicity against the tumor. 

In conclusion, these two studies elucidate the functional role of CEACAM1 antibody during 

viral infection, and the role of immune activation by LCMV in tumor-bearing mice.  
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Zusammenfassung 

Virusinfektionen können bei Säugetiere, insbesondere Menschen, zu schweren Erkrankungen 

führen.  Aktuelle Studien haben gezeigt, dass eine spezielle virale Infektion das 

Tumorwachstum in Tumorpatienten einschränkt. Das Verständnis der Mechanismen, wie das 

Immunsystem gegen virale Infektionen vorgeht, und der Einsatz von Viren gegen tödliche 

Krankheiten wie Krebs könnten dazu beitragen, bessere Behandlungstherapien und Impfstoffe 

zur Behandlung von Patienten zu entwickeln. In dieser Arbeit haben wir die Rolle des 

karzinoembryonalen Antigen-verwandten Zelladhäsionsmoleküls 1 (CEACAM1) bei der 

lymphozytären Choriomeningitis-Virus (LCMV) Infektion untersucht und wie LCMV dazu 

beiträgt, das Tumorwachstum in tumortragenden Mäusen zu beeinflussen. 

Hier in dieser Studie haben wir gezeigt, dass Maus-Antikörper des karzinoembryonalen 

Antigen-verwandten Zelladhäsionsmoleküls 1 (CEACAM1) die T-Zell-Reaktion während 

einer Infektion mit dem lymphatischen Choriomeningitis-Virus (LCMV) fördern. Der humane 

CEACAM1-Antikörper verstärkt in vitro die Funktion menschlicher T-Zellen. Diese Studie 

zeigte deutlich, dass der CEACAM1-Antikörper die T-Zellantwort bei Maus und Mensch 

verbessern kann. 

In einer weiteren Reihe von Experimenten untersuchten wir die Wechselwirkung von 

wachsenden Tumorzellen, CD8+ T-Zellantworten und angeborenen Signalen, die durch virale 

Replikation induziert werden. Wachsende B16F10-OVA-Zellen induzierten keine systemische 

Erschöpfung tumorspezifischer CD8+ T-Zellen. Während tumorspezifische CD8+ T-Zellen sich 

noch in Tumoren befanden, reagierten sie kaum gegen die Tumorzellen. Der Grund für die 

mangelnde Reaktion auf den Tumor war eine starke Herunterregulierung von MHC-I bei 

fortgeschrittenen Tumoren. Aktivierung des angeborenen Immunsystems durch LCMV stellt 

die MHC-Klasse-I-Expression wieder her, verbessert die T-Zellfunktion und führt zur 

Tumorregression. Diese Untersuchung zeigt, dass wachsende Tumorzellen nicht unbedingt zu 

einer systemischen Erschöpfung der antitumoralen CD8+ T-Zellantwort führen. Das Fehlen von 

angeborenen Signalen ist ein zusätzlicher Grund für die begrenzte, durch CD8+ T-Zellen 

vermittelte, Zytotoxizität gegen den Tumor. 
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Zusammenfassend klären diese beiden Studien die funktionelle Rolle des CEACAM1-

Antikörpers während einer Virusinfektion und die Rolle der Immunaktivierung durch LCMV 

bei tumortragenden Mäusen auf. 
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