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ABSTRACTABSTRACTABSTRACTABSTRACT    

 

This study has been aimed to investigate the effect of injection 

of Irradiated Ehrlich tumor cells alone or concurrent with 

immunomodulator in mice before and after challenge with viable 

Ehrlich tumor cells for enhancement of immune system.  This study 

includes the estimation of survival, tumor size, lymphocyte count, 

LDH, MTT, granzyme B, and DNA fragmentation. In order to fulfill 

the target of this study, a total of 120 female swiss albino mice were 

used. They were divided into two classes vaccinated (injection of 

vaccine before challenge) and therapeutic class (injection of vaccine 

after challenge). Each class was divided into four groups,  group (1) 

mice injected with viable Ehrlich tumor cells (G1), group (2) mice 

injected with irradiated tumor cells (G2), group (3) mice injected 

with immunomodulator (G3), and group (4) mice injected with 

irradiated tumor cells+immunomodulator (G4).  

Results obtained from this study demonstrated that, the 

lymphocyte count and granzyme B activity were increased in both 

the vaccinated and therapeutic classes compared with control group. 
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LDH activity was decreased in all groups of vaccinated class 

and also in G2 and G4 groups of therapeutic class compared with 

control group. There was a significant increase in percent apoptosis 

of tumor cells cultured with spleenocytes of the groups of vaccinated 

class as compared with control group. Cellular DNA from Ehrlich 

tumor cell line cultured with spleenocytes of immunized groups was 

fragmented into discrete bands of approximate multiples of 200 bp. 

Revealing significant apoptosis in tumor cells due to vaccination. 

It is concluded that, vaccination with irradiated tumor cells is 

an effective approach in stimulation of immune system against 

viable tumor cells. 
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 INTRODUCTION INTRODUCTION INTRODUCTION INTRODUCTION    

 

Cancer is a major cause of death worldwide. Most 

nonsurgical approaches targeting rapidly dividing cells, using 

radiotherapy or chemotherapy, also affect normal cells and result 

in side effects that limit treatment. In principal, the exquisite 

specificity of the immune system could be marshaled to precisely 

target cancer cells without harming normal cells. This hope has 

motivated much research over several decades but has met with 

only limited success to date. However, the rapid increases in 

knowledge of the immune system and its regulation have led to a 

resurgence of interest in immunological approaches to target and 

eliminate cancer. 

A major difference between microbial pathogens and 

tumors as potential vaccine target is that cancer cells are derived 

from the host, and most of their macro-molecules are normal 

self-antigens resent in normal cells. To take advantage of the 

immune system's specificity, one must find antigens that clearly 

mark the cancer cells as different from host cells. 

The vaccine strategies used against cancer depend on how 

well defined the target antigens are and whether there are 
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conserved antigens that are shared among tumors of the same 

type in many individuals (Berzofsky et al., 2004). 

Multiple novel immunotherapy strategies have reached the 

stage of testing in clinical trials that were accelerated by recent 

advances in the characterization of tumor antigens and by a more 

precise knowledge of the regulation of cell-mediated immune 

responses. The key steps in the generation of an immune 

response to cancer cells include loading of tumor antigens onto 

antigen-presenting cells in vitro or in vivo, presenting antigen in 

the appropriate immune stimulatory environment, activating 

cytotoxic lymphocytes, and blocking autoregulatory control 

mechanisms. This knowledge has opened the door to antigen-

specific immunization of cancer using tumor-derived protein or 

RNA, or synthetically generated peptide epitopes, RNA, or 

DNA. The critical step of antigen presentation has been 

facilitated by the coadministration of powerful immunologic 

adjuvants, the provision of costimulatory molecules and immune 

stimulatory cytokines, and the ability to culture dendritic cells. 

Advances in the understanding of the nature of tumor antigens 

and their optimal presentation, and in the regulatory mechanisms 

that govern the immune system, have provided multiple novel 

immunotherapy intervention strategies that are being tested in the 

clinical trials (Ribas et al., 2003). 
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Tumor cell vaccines consisting of irradiated tumor cells 

from different stages of the disease were created. The vaccine is 

injected under the skin. The body's dendritic cells do their normal 

job, engulfing the foreign injected cells and educating the T cells 

as to what they have found. The company is currently testing the 

approach in Phase I/II trials for prostate and colorectal cancers. 

Successful implementation requires addressing several 

practical issues, including how long the tumor cells or hybrids 

survive in the blood stream, whether they wend their way to the 

lymph nodes, and how often they must be reinjected to maintain 

T-cell activation (Adams, 2004). 

Vaccines have been among the most cost-effective agents, 

saving many millions of lives. However, for treatment of chronic 

infections and cancer, vaccines have yet to achieve widespread 

success. Increased understanding of the immune system has 

raised new hope of harnessing the exquisite specificity of the 

immune system to attack cancer and has led to novel second-

generation vaccine approaches that hold promise to control or 

cure cancer. The pace of identification of new tumor antigen has 

accelerated. New strategies are being developed to make more 

potent vaccine against inherently weak tumor antigens, to 

selectively induce high avidity cytotoxic T-lymphocytes (CTLs) 
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more effective at clearing tumors, and to overcome negative 

regulatory mechanisms that inhibit tumor immunosurveillance 

and immune responses to anti-tumor vaccines. A number of 

promising new cancer vaccine strategies have entered clinical 

trials (Berzofsky et al., 2004). 

In the present study, we are trying to use gamma irradiated 

tumor cells vaccine, pre and post inoculation with viable Ehrlich 

tumor cells. Dendritic cells scavenge the foreign antigens, 

process the protein or DNA contained within, and present the 

cellular bits on its surface to specific T cells, which then attack 

cells bearing that antigen. 
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    AIM OF THE WORKAIM OF THE WORKAIM OF THE WORKAIM OF THE WORK    

 

This study aimed to investigate the efficiency of cancer 

immunotherapy by injection of irradiated tumor cells as a vaccine 

alone or concurrent with injection of immunomodulator 

(Echinacea purpurea) before tumor formation or as a treatment 

after tumor formation. To fulfill this study, survival and tumor 

size was calculated; lymphocyte count was investigated, lactate 

dehydrogenase was assayed as a tumor marker, MTT was 

assayed as a cytotoxicity assay, granzyme B was detected as a 

prognostic factor for apoptosis of tumor cells, DNA 

fragmentation was investigated as an indicator for tumor cells 

apoptosis within the system frame work. 
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  REVIEW OF LITERATURE 

 

As the average age in many countries steadily rises, heart 

infarction, stroke, and cancer become the most common causes 

of death in the 21
st
 century. The causes of these disorders are 

many and varied (Michiels, 2004). 

A tumor is any abnormal proliferation of cells, which may 

be either benign or malignant. A benign tumor, such as a 

common skin wart, remains confined to its original location, 

invading neither surrounding normal tissue nor spreading to 

distant body sites. A malignant tumor, however, is capable of 

both invading surrounding normal tissue and spreading 

throughout the body via the circulatory or lymphatic system 

(metastasis). Only malignant tumors are properly referred to as 

cancers, and it is their ability to invade and metastasize that 

makes cancer so dangerous. Whereas benign tumors can usually 

be removed surgically, the spread of malignant tumors to distant 

body sites frequently makes them resistant to such localized 

treatment (Cooper, 2000). 
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Cancer treatment: 

Surgical excision is the oldest and most tested therapeutic 

modality for the treatment of cancer. Operative deaths were 

greatly reduced, and therapeutic results improved. Surgical 

techniques are effective only in the area of the primary tumor of 

regional lymphatics and do nothing for the neoplasm outside the 

operative field. 

Radiation oncology is a clinical medical specialty in which 

ionizing radiations are used to treat patients with cancers or 

selected benign diseases. Early reactions in patients occur during 

or immediately following radiation therapy and comprise 

constitutional and local effects (Haskell, 1990). 

Since the first dose of chemotherapy was given in 1942, 

hundreds of thousands of chemical and biological agents have 

been tested for their activity in destroying cancer cells (Fischer 

et al., 2003). The development of resistance to chemotherapeutic 

drugs by neoplastic cells is one of the major obstacles to the cure 

of many malignances. Malignant cells may be intrinsically 

resistant or they may adapt after therapy by using various 

detoxification pathways to acquire resistance to cytotoxic agents 

(Devita et al., 1990). 
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Evidence has accumulated over the last several years 

indicating that the host immune system interacts with the 

developing tumor and, in some cases, may be responsible for the 

arrest of tumor growth and tumor regression. This evidence is 

based largely on results of studies performed in various animal 

models of tumor growth and metastasis, which convincingly 

demonstrated immunologically, mediated tumor regressions 

following therapy with biologic agents (Whiteside and 

Heberman, 2003). 

Tumor cells express antigens that can be recognized by the 

host's immune system. This tumor-associated antigens (TAAs) 

can be injected into cancer patients in an attempt to induce a 

systemic immune response that may result in the destruction of 

the cancer growing in different body tissue. This procedure is 

defined as active immunotherapy or vaccination in as much as 

the host's immune system is either activated de novo or 

restimulated to mount an effective, tumor-specific immune 

reaction that may ultimately lead to tumor regression (Parmiani 

and Lotze, 2002). 
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Immunotherapy: 

The concept that cancer patients may develop an immune 

response against their neoplasms is not new. 

Early work with nonspecific stimulators of the immune 

system, such as bacillus Calmette-Guérin (BCG), methanol-

extracted residue of BCG, Carynebacterium parvum and 

Levamisole, yielded few successes. Most studies failed to 

demonstrate any benefit when these agents were used alone as 

systemic therapy for advanced disease or as an adjuvant to 

surgery for "localized" malignancies (Fischer et al., 2003). 

The modern era of tumor immunology began when in 1953, 

Foley and then in 1957, Prehn and Main conclusively 

demonstrated tumor-specific antigens in methylcholanthrene-

induced sarcomas of mice. Tumor-specific transplantation 

resistance could be induced in inbred animals by presensitization 

with a transplant of tumor tissue that was allowed to grow for a 

time and was then excised. The immunized rodents were resistant 

to further challenge with graft of the same neoplasm. The 

antigens responsible for the rejection of the tumor grafts were 

known as tumor-specific transplantation antigens. The animal in 

which the neoplasm had originated could be immunized against 
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its own neoplasm by a vaccine prepared from irradiated tumor 

cells (Haskell, 1990). 

Simmons and Rios (1971) found that firmly established 

methylcholanthrene fibrosarcomas in syngeneic
 
mice will totally 

disappear if the hosts are treated with living
 
tumor cells that have 

been exposed to Vibrio cholerae neuraminidase
 
in vitro. The 

effect is magnified by the simultanieous injection
 
of a nonspecific 

immunostimulant, BCG.  

When the immune system responds to the presence of a 

foreign substance, or antigen, it does so in two possible ways. In 

the humoral response, B-lymphocytes recognize and attach to the 

antigen (Fischer et al., 2003). B cells recognize antigen that is 

present outside the cells of the body, where, for example, most 

bacteria are found (Janeway et al., 2001). Plasma cells are then 

formed that produce antibodies against the antigen. In the cell-

mediated response, T-lymphocytes (T-helper cells or cytotoxic T-

lymphocytes) recognize the foreign substances and either directly 

kill the invader or eilicit the production of antibody from plasma 

cells (Fischer et al., 2003). T cells can detect antigens generated 

inside infected cells, for example due to viruses (Janeway et al., 

2001). 
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Advances in the understanding of basic tumor immunology 

have opened new paths to treating certain malignant tumors 

(Greten et al., 2006). A number of studies have shown that 

immunotherapy might become a potential therapeutic option for 

patients with hepatocellular carcinoma (Butterfield, 2004). 

T lymphocyte: 

Lymphoid organs can be divided into central lymphoid 

organs and peripheral or secondary lymphoid organs. The central 

lymphoid organs are the bone marrow and the thymus, the 

peripheral (secondary) lymphoid organs-mainly, the lymph nodes, 

spleen, and epithelium-associated lymphoid tissues in the 

gastrointestinal tract, respiratory tract, and skin (Janeway et al., 

2001) (Fig. 1).  

T lymphocytes are thymus-derived lymphocytes that                

play a central role in the generation of the immune response to 

protein antigens. T cells originate from bone marrow stem cells 

that develop into T precursor cells that migrate to the thymus 

where they multiply and differentiate. The rate at which the 

thymus produces T cells is very high in childhood and declined 

thereafter (Goldman and Prabhakar, 1996). In the peripheral 

lymphoid organs, T cells and B cells react with foreign            
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antigens, T and B cells become morphologically distinguishable 

from each other after they have been activated by antigen 

(Alberts et al., 2002). Because mature T cells are long lived                

and recirculate, they comprise about 70-80 % of lymphocyte                   

in blood and lymph, and they are responsible for much                            

of the immunologic memory (Goldman and Prabhakar, 1996) 

(Fig. 2). 

T lymphocytes that have matured in the thymus but                 

have not yet encountered antigen are referred to as naïve 

lymphocytes. These cells circulate continually from the blood 

into the peripheral lymphoid tissues, which they enter by 

squeezing between the cells of capillary walls. They are then 

returned to the blood via the lymphatic vessels or, in the case of 

spleen, return directly to the blood. In the event of an infection, 

lymphocytes that recognize the infectious agent are arrested in 

the lymphoid tissue, where they proliferate and differentiate into 

effector cells capable of combating the infection (Janeway et al., 

2001). 
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Fig. 1: The distribution of lymphoid tissues in the body. Lymphocytes 

arise from stem cells in bone marrow, and differentiate in the central 

lymphoid organs (yellow), B cells in bone marrow and T cells in the 

thymus. They migrate from these tissues and are carried in the 

bloodstream to the peripheral or secondary lymphoid organs (blue), 

the lymph nodes, the spleen, and lymphoid tissues associated with 

mucosa, like the gut-associated tonsils, Peyer's patches, and 

appendix. The peripheral lymphoid organs are the sites of 

lymphocyte activation by antigen, and lymphocytes recirculate 

between the blood and these organs until they encounter antigen. 

Lymphatics drain extracellular fluid from the peripheral tissues, 

through the lymph nodes and into the thoracic duct, which empties 

into the left subclavian vein. This fluid, known as lymph, carries 

antigen to the lymph nodes and recirculating lymphocytes from the 

lymph nodes back into the blood. Lymphoid tissue is also associated 

with other mucosa such as the bronchial linings (not shown) 

(Janeway et al., 2001). 
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Fig. 2: Lymphocytes are mostly small and inactive cells. The left panel 

shows a light micrograph of a small lymphocyte surrounded by red 

blood cells. Note the condensed chromatin of the nucleus, indicating 

little trans-criptional activity, the relative absence of cytoplasm, and 

the small size. The right panel shows a transmission electron 

micrograph of a small lymphocyte. Note the condensed chromatin, 

the scanty cytoplasm and the absence of rough endoplasmic 

reticulum and other evidence of functional activity (Janeway et al., 

2001). 

Dudley et al., (2002) report the adoptive transfer, to 

patients with metastatic melanoma, of highly selected tumor-

reactive T cells directed against overexpressed self-derived 

differentiation antigens after a nonmyeloablative conditioning 

regimen. This approach resulted in the persistent clonal 

repopulation of T cells in those cancer patients, with the 

transferred cells proliferating in vivo, displaying functional 

activity, and trafficking to tumor sites. This led to regression of 

the patients’ metastatic melanoma as well as to the onset of 

autoimmune melanocyte destruction. 
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Shilyansky et al., (2007) tested the ability of dendritic 

cells generated from pediatric patients' peripheral blood 

monocytes and pulsed with a necrotic tumor to activate 

autologous tumor-specific cytotoxic T cells. They described a 

simple method for generating a vaccine capable of activating 

cytotoxic T cells against pediatric solid tumors. 

Cell-mediated reactions depend on direct interactions 

between T lymphocytes and cells bearing the antigen that the T 

cells recognize. The actions of cytotoxic T cells are the most 

direct. These recognize any of the body`s cells that are infected 

with viruses, which replicate inside cells, using the biosynthetic 

machinery of the cell itself. The replicating virus eventually kills 

the cell, releasing new virus particles. Antigens derived from the 

replicating virus are, however, displayed on the surface of 

infected cells, where they are recognized by cytotoxic T cells. 

These cells can then control the infection by killing the infected 

cell before viral replication is complete. Cytotoxic T cells 

typically express the molecule CD8 on their cell surfaces 

(Janeway et al., 2001).    

Perret and Ronchese (2008) studied the ability of CD8+ 

T cells activated in vitro to mediate tumor protection after 

transfer into adoptive hosts. They conclude that in vitro 
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generated effector T cells can mediate immediate and long-term 

tumor protection, and develop into long-lived memory T-cell 

populations in vivo. 

Other T lymphocytes that activate the cells they recognize 

are marked by the expression of the cell-surface molecule CD4. 

Such T cells are called helper T, or TH cells (Janeway et al., 

2001). 

The immune system recognizes other cells as foreign by 

recognizing protein fragments presented on the cell surface by 

molecules called major histocompatibility complexes (MHCs). 

T-lymphocytes ("T-cells") engage these protein-MHC complexes 

via their T-cell receptor (Fig. 3). This allows the immune system 

to differentiate something foreign (by their foreign antigens) 

from "self", which obviously not be targeted for attack (Ribas et 

al., 2003). 

There are two types of MHC molecules, called MHC I and 

MHC II. MHC class I molecules collect peptides derived from 

proteins synthesized in the cytosol, and are thus able to display 

fragments of viral proteins on the cell surface. MHC class I 

molecules are recognized by cytotoxic T cells. MHC class II 

molecules bind peptides derived from proteins in intracellular 
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vesicles, and thus display peptides derived from pathogens living 

in macrophage vesicles or internalized by phagocytic cells and B 

cells. MHC class II molecules are recognized by TH cells 

(Janeway et al., 2001). Merritt et al., (2004) hypothesized that 

augmentation of tumor cell class I expression
 
by interferon-

gamma would enhance the cellular antitumor immune
 
response 

and cure rate of an active immunotherapy strategy. 

 

Fig. 3: MHC-restricted interaction between T lymphocytes and target 
cells. The interaction begins with the binding of antigen in 

conjunction with an MHC molecule (class I for CD8 T cells and 

class II for CD4 T cells) on the target cell by the T-cell–antigen 

receptor (TCR). Accessory molecules, such as lymphocyte function 

antigens (LFA) 1 and 3, intercellular adhesion molecule 1 (ICAM-1), 

CD2, CD28, and B7 (T-cell costimulatory factor), are involved in 

this interaction through their enhancement of cell–cell adhesion or 

transduction of additional cell-activation signals (Liu et al., 1996). 
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Natural killer cells: 

Natural killer cells (NK) develop in the bone marrow from 

the common lymphoid progenitor cell and circulate in the blood. 

The mechanism of killing of natural killer cells is the same as 

that used by the cytotoxic T cells (Fig. 4).  

 

Fig. 4: Natural killer (NK) cells. These are large granular lymphocyte-like 

cells with important functions in innate immunity. Although lacking 

antigen-specific receptors, they can detect and attack certain virus-

infected cells (Janeway et al., 2001). 
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NK cells are to mediate host defense against infection with 

viruses and other pathogens. One possible mechanism by which 

NK cells distinguish infected from uninfected cells is by 

recognizing alterations in MHC class I expression. Another is 

that they recognize changes in cell-surface glycoprotiens induced 

by viral or bacterial infection (Janeway et al., 2001). NK 

lymphocytes were initially described as potent effector cells that, 

unlike T lymphocytes, were able to kill targets in the absence of a 

prior stimulation and without specific recognition mechanisms. 

Over the past ten years however, it has been clearly demonstrated 

that NK cell function is regulated by a number of surface 

receptors that bind specific ligand expressed by target cells 

(Moretta et al., 2001). Natural killer cells comprise 

approximately 15% of all circulating lymphocytes (Cooper et al., 

2001).  

Chiorean and Miller (2001) discussed several strategies 

to increase the specificity and efficacy of NK cell therapy. One 

method is to increase the targeting of NK cells by the use of 

monoclonal antibodies. Another approach uses allogenic NK 

cells to overcome the inhibitory receptor mechanisms that may 

block target cell lysis by recognition of class I molecules.  
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Molling et al., (2008) reviewed the (pre-) clinical findings 

that provide evidence for a distinct contribution of Invariant 

CD1d restricted natural killer T (iNKT) cells to natural anti-

tumor immune responses in humans. They also discussed clinical 

phase I studies that revealed the infusion of cancer patients with 

ligand-loaded dendritic cells or cultured iNKT cells is well 

tolerated. They underscore the potential of iNKT cell based in 

conjunction with established modalities such as surgery and 

radiotherapy, as adjuvant therapy against cancer. 

Lymphokines and Monokines: 

Soluble factors from T lymphocyte (lymphokines) and 

macrophages (monokines) regulate the degree and duration of the 

immune responses generated by T lymphocytes, B lymphocytes, 

and macrophages. Interleukin-2 and gamma interferon are such 

important factors produced by activated T cells. Interleukin-1 is a 

soluble factor produced by macrophages. All three of these 

factors are essential for the full differentiation and proliferation 

of cytotoxic T cells. The two interleukins are also important for 

antibody production by B lymphocytes. 

Macrophages and T lymphocytes also produce several 

other important factors that act in both the immune and the 
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inflammatory responses. Gamma interferon can activate 

macrophages to become cytotoxic toward virus-infected cells and 

can increase the level of phagocytosis and degradation. 

Lymphotoxins produced by T cells also participate in the 

destruction of virus-infected cells (Klimpel, 1996). 

Killing mechanism of lymphocytes: 

Lymphocyte-mediated cell killing involves a sequence of 

biologic events (Liu et al., 1996) (Fig. 5): 

I. Binding of the antigen-presenting cell to the killer lymphocyte. 

II. Proliferation of lymphocyte in response to antigen. 

III. Mechanism of lymphocyte lysis of target cells. 

IV. Death of the target cells. 

I) Binding of the antigen-presenting cell to the killer 

lymphocyte: 

APCs activate T cells through a two-signal mechanism. 

The first signal is antigen specific, delivered through the T-cell 

receptor via the peptide/ (MHC), and causes T cells to enter             

the cell cycle. The second involves a costimulatory molecule that 

interacts with a ligand on the T-cell  surface  and  leads  to  T-cell  
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Fig. 5: Cytotoxic CD8 T cells can induce apoptosis in target cells. 
Specific recognition of peptide: MHC complexes on a target cell 

(top panels) by a cytotoxic CD8 T cell (CTL) leads to the death of 

the target cell by apoptosis. Cytotoxic T cells can recycle to kill 

multiple targets. Each killing requires the same series of steps, 

including receptor binding and directed release of cytotoxic proteins 

stored in lytic granules. The process of apoptosis is shown in the 

micrographs (bottom panels), where panel a shows a healthy cell 

with a normal nucleus. Early in apoptosis (panel b) the chromatin 

becomes condensed (red) and, although the cell sheds membrane 

vesicles, the integrity of the cell membrane is retained, in contrast to 

the necrotic cell in the upper part of the same field. In late stages of 

apoptosis (panel c), the cell nucleus (middle cell) is very condensed, 

no mitochondria are visible, and the cell has lost much of its 

cytoplasm and membrane through the shedding of vesicles 

(Janeway et al., 2001). 
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cytokine production and their proliferation. Dendritic cells 

express several costimulatory molecules and are believed to be 

the most potent APCs (Hodge et al., 2000) (Fig. 6). 

Lymphocyte activation and proliferation is initiated when 

naïve lymphocyte and activated antigen-presenting cells come 

together. Antigens are thus presented to the naïve recirculating 

lymphocyte as they migrate through the lymphoid tissues before 

returning to the blood-stream (Janeway et al., 2001).  

 

Fig. 6: Two signals are required for lymphocyte activation. As well as 

receiving a signal through their antigen receptor, mature naïve 

lymphocytes must also receive a second signal to become activated. 

For T cells (left panel) it is delivered by a professional antigen-

presenting cell such as the dendritic cell shown here. For B cells 

(right panel), the second signal is usually delivered by an activated T 

cell (Janeway et al., 2001). 
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Dendritic cells (DCs) are highly specialized APCs that 

function as the principal activators of quiescent T cells and, thus, 

of cellular immune responses in vivo (Specht et al., 1997). 

Consequently, the unparalleled capacity of dendritic cells to 

induce antigen-specific T-cell responses has focused the attention 

of many investigators on the potential effectiveness of these cells 

in immunoprevention and immunotherapy (Fig. 7). 

 

Fig. 7: Dendritic cells initiate adaptive immune responses. Immature 

dendritic cells resident in infected tissues take up pathogens and 

their antigens by macropinocytosis and receptor-mediated 

phagocytosis. They are stimulated by recognition of the presence of 

pathogens to migrate via the lymphatics to regional lymph nodes, 

where they arrive as fully mature nonphagocytic dendritic cells. Here 

the mature dendritic cell encounters and activates antigen-specific 

naive T lymphocytes, which enter lymph nodes from the blood via a 

specialized vessel known from its cuboidal endothelial cells as a 

high endothelial venule (HEV) (Janeway et al., 2001). 
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In experimental murine models, dendritic cells pulsed with 

peptides from tumor-associated antigens have been shown to 

induce antigen-specific antitumor responses in vivo (Palucka 

and  Banchereau, 1999), and fusion of DCs with tumor cells has 

also been shown to enhance antitumor immunity (Gong et al., 

1997). 

The ability of tumor antigen-pulsed mature DC to elicit 

protective immunity against cancer has been reported in various 

human tumors such as malignant melanoma (Paczesny et al., 

2004), leukemia (Galea-Lauri et al., 2002), renal cell carcinoma 

(Marten et al., 2002), prostate cancer (Ragde et al., 2004), 

breast cancer (Brossart et al., 2000), and hepatic cancer 

(Iwashita et al., 2003). 

Hodge et al., (2000) engineered poxvirus vectors that 

potentiate the hyperexpression of a traid of costimulatory 

molecules to enhance the ability of dendritic cells to activate both 

naïve and effector T cells in vitro and in vivo. 

Mattner et al., (2002) present evidence that after 

vaccination with a simple mixture of the cationic poly-amino 

acid poly-L-arginine and tumor antigens-derived peptide antigens, 
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large numbers of antigen-specific T cells are induced and the 

APCs mediate the generation of T lymphocytes. 

II) Proliferation of lymphocyte in response to antigen: 

On recognizing its specific antigen, small lymphocyte 

stops migrating and enlarges. The chromatin in its nucleus 

becomes less dense, nucleoli appears, the volume of both the 

nucleus and the cytoplasm increases, and new RNAs and proteins 

are synthesizes. Within a few hours, the cell looks completely 

different and is known as a lymphoblast. 

The lymphoblast now begins to divide, normally 

duplicating themselves two to four times every 24 hours for 3 to 

5 days, so that one naïve lymphocyte gives rise to a clone of 

around 1000 daughter cells of identical specificity. These then 

differentiate into effector cells able to destroy infected cells or 

activate other cells of the immune system. 

After a naïve lymphocyte has been activated, it takes 4 to 5 

days before clonal expansion is complete, that is why adaptive 

immune responses occur only after a delay of several days. 

Effector cells have only a limited life-span and, once antigen is 

removed, most of the antigen-specific cells generated by the 
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clonal expansion of the small lymphocytes undergo apoptosis. 

However, some persist after the antigen has been eliminated. 

These cells are known as memory cells and form the basis of 

immunological memory, which ensures a more rapid and 

effective response on a second encounter with a pathogen and 

thereby provides lasting protective immunity. 

It is immunological memory that enables successful 

vaccination and prevents reinfection with pathogens (Janeway et 

al., 2001). 

III) Mechanism of lymphocyte lysis of target cells: 

Lysis of target cells is mediated by two different 

mechanisme: exocytosis of lytic proteins and/or receptor-ligand 

binding of Fas/APO molecules (Fig. 8). The various pathways 

may result in different types of target cell death: necrosis and 

apoptosis (Fig. 9). 
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Fig. 8: Mechanisms of lymphocyte-mediated cytolysis. Panel A shows a 

mechanism dependent on perforin and granzymes. After binding of 

the target cell to the killer T cell, cytoplasmic granules in the killer 

cell are rapidly reoriented toward the target cell in preparation for 

releasing the contents of the granules, including perforin and 

granzymes, into the intercellular space. Perforin and granzymes 

attack the target cell by forming pores in its plasma membrane and 

entering the cell. The killer cell may detach to attack other targets 

while the target cell continues to die. Panel B shows a Fas-dependent 

mechanism. After the target cell binds to the killer cell, the level of 

expression of Fas ligand on the killer cell rapidly increases. The 

interaction between Fas ligand and Fas receptor on the target cell 

leads to apoptosis. Proteases, such as CPP32 and other proteases 

related to interleukin-1 –converting enzyme (ICE) have been 

implicated in the transduction of signals for apoptosis (Liu, et al., 

1996). 
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Fig. 9: Cell death. These electron micrographs show cells that have died by 

(A) necrosis or (B and C) apoptosis. The cells in (A) and (B) died in 

a culture dish, whereas the cell in (C) died in a developing tissue and 

has been engulfed by a neighboring cell. Note that the cell in (A) 

seems to have exploded, whereas those in (B) and (C) have 

condensed but seem relatively intact. The large vacuoles visible in 

the cytoplasm of the cell in (B) are a variable feature of apoptosis 

(Alberts, et al., 2002). 

 

a) Granule exocytosis model: 

Each granule has an electron dense core surrounded by 

small, round vesicles. Within the core, several types of lytic 

proteins are stored in an inactive form. When effector target cells 

bind, the lysosomes are directed toward the contact area by 

reorientation of the microtubule center. Subsequently the content 

of the granules is released into the intracellular space via 
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exocytosis. Cytolysis of target cell is then mediated by two types 

of lytic proteins, perforin and granzyme, that act either alone or 

in combination with each other (Groscurth and Filgueira, 1998) 

(Fig. 10). 

Table 1: Cytotoxic effector proteins released by cytotoxic T cells                 

(Janeway et al., 2001). 

Protien in 

lytic granules 

of cytotoxic T 

cells 

Actions on target cells  

Perforin 
Polymerizes to form a pore in target 

membrane 

Granzymes 
Serine proteases, which activate apoptosis 

once in the cytoplasm of the target cell 

1) Perforin pathway: 

Perforin (also known as cytolysin), so named because it 

can form pores that perforate the plasma membrane of the target 

cells (Young et al., 1986) is a prominent component of the 

granule. It is a 70-Kd glycoprotein that is produced by activated 

killer lymphocyte (Lichtenheld et al., 1988). The pores are 

formed by calcium-induced aggregation of perforin molecules 

that have entered the membrane (Young et al, 1986) through 

these pores, which range from 5 to 20 nm internal diameter and 
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function as high-conductance, nonselective ion channels, water 

and low-molecular-weight solutes may freely enter the target 

cells, resulting in their death by “colloid-osmotic lysis”-that is, 

the cells literally burst (Muller-Eberhard, 1986) (Fig. 10). 

 

Fig. 10: The mechanism of action of perforin. As shown in panel A, in the 

presence of calcium ions, perforin monomers undergo 

conformational changes and bind to the membrane of the target cell 

(step 1), insert themselves into the membrane (step 2), and 

subsequently aggregate to form homopolymeric pore structures 

(steps 3 and 4). These pores may perturb membrane permeability 

and result in osmotic lysis of the target cell. Panel B shows an 

electron micrograph of a mouse mastocytoma P815 cell undergoing 

necrosis mediated by purified mouse perforin (x10,000). Large and 

small arrows point to the plasma membrane and nucleus of the dying 

cell, respectively. The inset shows the pore lesions (arrowheads) 

detected on the membrane of erythrocytes lysed by perforin 

(x250,000) (Liu et al., 1996). 
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2) Granzymes: 

Granzymes (Gzms) are a group of serine esterases with 

trypsin-and asparaginase-like activity, respectively (Lowin et al., 

1995). Gzms include GzmA, B, C, D, E, F, G, H, K and M. Nine 

mouse, eight rat and five human Gzms have been identified 

(Grossman et al., 2003). GzmA and B are the most abundant 

Gzms in CTLs,
 
and lymphokine-activated killer cells and their 

functions have
 
been well defined (Lieberman and Fan, 2003). 

GzmA induces ssDNA nicks
 
as well as apoptotic morphology 

and loss of cell membrane integrity (Fan and Zhang, 2005), 

while GzmB
 
causes a caspase-dependent death pathway with 

DNA fragmentation.
 
GzmB leads to DNA fragmentation through 

activation of the caspase-activated
 
DNase (CAD) via degradation 

of its inhibitor ICAD (Sharif-Askari et al., 2001). 

The various types of granzymes are stored within the 

granular matrix of CTL lysosomes, together with perforin, and 

they are secreted via exocytosis in the direction of the target cell 

in CTL-mediated killing. Within the target cells, the granzymes 

induce fragmentation of DNA at the internucleosomal level, 

resulting in apoptotic cell death (Greenberg and Litchfield, 

1995) However, more and more evidence indicates that 

granzymes are also indirectly involved in DNA degradation by 
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either binding to nuclear proteins such as nucleolin, which 

subsequently cleaves DNA, or activating the IL-1-converting 

enzyme (ICE) pathway up-or downstream (Smyth and Trapani, 

1995). 

Quan et al., (1996) examined the apoptotic mechanism                

of granzyme B; they analyzed its effect on purified proteins              

that are thought to be components of death pathways inherent to 

cells. 

Perforin alone causes only necrotic death of target cells 

(Duke et al., 1989), whereas T lymphocytes can kill target cells 

by inducing both necrosis and apoptosis (Zychlinsky et al., 

1991). This is recorded by the evidence that granzymes 

(particularly granzyme A and B) are involved in inducing 

apoptosis in target cells (Shi et al., 1992). Granzymes may 

trigger apoptosis of target cells by activating kinase Cdc2, which 

is regulated during the cell division cycle (cdc) (Shi et al., 1992), 

or by activating a cytoplasmic protease named CPP32 (a protease 

related interleukin-1β-converting enzyme) (Darmon et al., 1995). 

Lee et al., (2004) investigated the relative role of 

Perforin/granzyme B- and Fas/FasL-mediated killing pathways in 

protection of the host from tumor progression, as well as 
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spontaneous metastasis, using the D122 Lewis lung carcinoma 

and its gene-modified cells. 

Buzza et al., (2005) demonstrated that granzyme B (GrB) 

possesses a potent extracellular matrix remodeling activity. Both 

native and recombinant GrB caused detachment of immortalized 

and transformed cell lines, primary endothelial cells, and 

chondrocytes. Cell detachment by GrB induced endothelial cell 

death (anoikis). GrB also inhibited tumor cell spreading, 

migration, and invasion in vitro. They also proposed that 

targeting of the integrin-extracellular matrix interface by GrB 

may allow perforin-independent killing of target cells via anoikis, 

restrict motility of tumor cells, facilitate lymphocyte migration, 

or directly reduce virus infectivity. It may also contribute to 

tissue destruction in diseases in which extracellular GrB is 

evident, such as rheumatoid arthritis and atherosclerosis. 

Batinac et al., (2006) proposed a key role of plasticity in 

the granzyme B mediated cell death pathway in the killing of 

changed tumor cells, resulting in keratoacanthoma regression 

through apoptosis or direct damage of tumor cells. On the other 

hand, insufficient activation of cytotoxic T lymphocytes and 

decreased release or activity of granzyme B could be responsible 
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for squamous cell-carcinoma progression and occasional 

aggressive behavior in keratoacanthomas.  

Meslin et al., (2007) demonstrated that human CTL clone 

(LT12) kills its autologous melanoma target cells (T1) target in a 

perforin/granzymes-dependent manner. 

b) Receptor-Ligand mediated cytolysis (Fas/APO pathway):  

Activated CTL bear a specific Fas/APO ligand (Fas/APO-

L), also called CD95-ligand, which is expressed following 

antigen recognition either by de novo synthesis or by 

transformation of an inactive to an active form (Baker and 

Reddy, 1996). Fas/APO-L is a 40KDa type П transmembrane 

molecule. Fas/APO-L belongs to the tumor necrosis factor (TNF) 

superfamily (Cleveland and Ihle, 1995). 

Fas/APO ligand receptor interaction results in typical 

apoptosis of the target cell. The intracellular pathway for 

induction of Fas-mediated apoptosis is not completely known. 

However, there is increasing evidence that cytoplasmic proteases 

are involved in regulation and execution of apoptosis (Patel et al., 

1996). Thus the Fas/APO pathway might results in an amplified 
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protease cascade that then triggers DNA fragmentation within the 

nucleus (Groscurth and Filgueira, 1998). 

Also Atkinson et al., (1998) investigated the similarities 

between Fas-and granzyme B-mediated apoptosis of susceptible 

target cells, they examined the effects of two different peptides-

based inhibitors of caspases and a virus-encoded caspase 

inhibitor on DNA fragmentation and caspase 3 cleavage, they 

found that granzyme B activity is not affected by either of these 

peptide inhibitors. 

Rosen et al., (2000) examined the role of perforin and 

CD95 in immunity against a series of tumors, concentrating on 

two sublines (D122 and 39.5) of the metastatic Lewis lung 

carcinoma 3LL of C57 BL/6 mice. 

Seki et al., (2002) generated CTL in vitro using mixed 

lymphocyte tumor cultures. These CTL mediate production of 

IFN-γ, TNF-α and Fas ligand (FasL) in response to murine 

cancer Renca. CTL used both granule-and Fas L-mediated 

mechanism to lyse Renca. 

Experiments with spontaneous and genetically engineered 

mutant mice demonstrated that CD95 ligand, perforin, and 
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granzyme B are all required for optimal cytolytic function of 

CTL (Heusel et al., 1994; Kagi et al., 1994). 

IV) Death of the target cells: 

a) Necrosis: 

Morphology of perforin-mediated killing is characterized 

by necrosis of target cells. Membrane destabilization is the initial 

indication of target cell death. Swelling of organelles and 

disruption of cytoskeleton are the next stages of necrotic death, 

but the nucleus remains in tact for a prolonged time. Finally, the 

target cell dissolves completely, forming cell debris with residual 

organelles and membrane fragments (Groscurth and Filgueira, 

1998). 

b) Apoptosis: 

Early changes seen in apoptosis are nuclear blebbing, 

alteration in cell morphology, and eventually, fragmentation of 

the DNA. The cell destroys itself from within, shrinking by 

shedding membrane-bound vesicles, and degrading itself until 

little is left. A hallmark of this type of cell death is the 

fragmentation of nuclear DNA into 200-base-pair pieces through 
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the activation of endogenous nucleases that cleave the DNA 

between nucleosomes. 

Cytotoxic T cells program antigen-specific target cells to 

die within 5 minutes, although death may take hours to become 

fully evident (Janeway et al., 2001). 

Perforin/Granzyme B and DNA fragmentation: 

Granzyme B (GrB) is integrally involved in apoptotoic cell 

death induced in target cells on their exposure to CTLs and Nk 

cells (Smyth and Trapani, 1995). In CTL-mediated cytolysis, 

perforin is initially released and it inserts into the target cell 

membranes where it polymerizes to form transmembrane pores, 

which facilitates access of natural killer or CTL-released GrB to 

the target cell cytoplasm (Yagita et al., 1992). 

Once delivered to the cytoplasm, GrB induces apoptosis by 

directly activating caspases and inducing rapid DNA 

fragmentation (Shi et al. 1992). GrB can cleave many 

procaspases in vitro, and has been an important tool in analyzing 

the maturation of caspase-3 (Darmon et al., 1995), caspase-7 

(Gu et al., 1996), caspase-6 (Orth et al., 1996), caspase-8 
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(Darmon et al., 1995), caspase-9 (Duan et al., 1996), and 

caspase-10a/b (Vincenz and Dixit, 1997). 

Granzyme B causes activation of caspase-3, which 

subsequently cleaves the inhibitor of caspase activated 

deoxyribonuclease leading to the activation of the nuclease, 

caspase-activated deoxyribonuclease (Enari et al., 1998), as well 

as activation of caspase-6 which results in nuclear condensation 

(Takahashi et al., 1996). Granzyme B binds to a nucleolar 

protein associated with heterochromatin in situ (Pinkoski et al., 

1996). Granzyme B undergoes rapid nuclear translocation in 

target cells prior to the onset of DNA fragmentation. However, 

accumulation of granzyme B in the nucleus is drastically reduced 

when caspase-3-like caspases are inactivated. Pinkoski et al. 

(2000) outlined the contribution of granzyme B in such nuclear 

events as DNA fragmentation, nuclear condensation and lamin 

proteolysis. 

Barry and Bleackley (2002) had shown that GrB 

activated cell death pathway through cleavage of Bid and 

activation of the mitochondrial death pathway in intact cells. In 

addition to the caspase-mediated cytotoxic events, GrB can also 

rapidly translocate to the nucleus and cleave poly (ADP-ribose) 

polymerase and nuclear matrix antigen, using different cleavage 
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sites than those preferred by caspases (Trapani et al., 1996). In 

addition, some studies have demonstrated that GrB can directly 

damage non-nuclear structures such as mitochondria, and 

subsequently induce cell death through a caspase-independent 

pathway (Heibein et al., 1999) (Fig. 11). 

Human Nk cells express perforin and granzymes A and B. 

Whereas resting murine NK cells contain plentiful granzyme A 

but little perforin or granzyme B, upon activation, the levels of 

perforin and granzyme B within murine NK cells substantially 

increase with a commensurate increase in cytotoxicity (Fehniger 

et al., 2007).   
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Fig. 11: Pathways to granzyme B-mediated cell death. Granzyme B, together 

with other granzymes, enters the target cell by a perforin-dependent 

mechanism, the precise details of which are still unclear. Once in the target 

cell cytosol, granzyme B promotes death through two main pathways, 

either through BID-dependent mitochondrial permeabilization or through 

direct caspase processing and activation. Granzyme B-mediated proteolysis 

of the BH3-only protein BID exposes a myristolyation signal in this 

protein, targeting it to mitochondria where it induces the oligomerization 

of BAX and/or BAK in the outer mitochondrial membrane. This facilitates 

cytochrome c release into the cytosol, assembly of the apoptosome, with 

subsequent caspase-9 activation and the ensuing caspase cascade. Note that 

antiapoptotic BCL-2 family members can inhibit cytochrome c release and 

thus, block this pathway. Granzyme B can also directly process the effector 

caspases-3 and -7, although whether this granzyme can fully activate 

caspase-–3 and -7 has been the subject of debate. Direct activation of the 

latter effector caspases would lead to a caspase activation cascade and 

cleavage of a myriad of death substrates resulting in the efficient death of 

the target cell. Granzyme B cleaves DFF45/ICAD, the inhibitor of a DNase, 

DFF40/CAD, which when released from inhibition mediates the 

internucleosomal degradation of DNA that is synonymous with this mode 

of killing. This granzyme has also been shown to cleave a variety of other 

proteins implicated in the maintenance of nuclear integrity (Lamin B), 

protection against cell death (MCL-1), DNA repair (DNA-PKcs), 

microtubule dynamics ( -tubulin) and a host of autoantigens (NUMA, U1-

70kD, Mi-2) (Cullen and Martin, 2008). 
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Using immune response to attack tumors: 

Major hurdles in developing cancer vaccines include: 

identification of antigens that focus the exquisite specificity of 

the immune system on cancer cells without harming normal cells; 

development of methods to induce an immune response 

sufficient to eradicate the tumor, in the face of self-tolerance to 

many tumor antigens; and overcoming mechanisms by which 

tumors evade the host immune response (Berzofsky et al., 2004). 

Tumors can escape rejection in many ways: 

The ability of the immune system to detect tumor cells and 

destroy them is called �immune surveillance� (Janeway et al., 

2001). 

Immune responses to tumor-associated antigens are often 

detectable in tumor-bearing hosts, but they fail to eliminate 

malignant cells or prevent the development of metastases 

(Whiteside, 2010). 

Tumors induce dysfunction and apoptosis in CD8 (+) 

antitumor effector cells and promote expansion of regulatory T 

cells, myeloid-derived suppressor cells, which down regulate 
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antitumor immunity, allowing tumors to escape from the host 

immune system. The tumor escape is mediated by several distinct 

molecular mechanisms (Whiteside, 2010). These include: (i) 

down regulation of cell surface molecules (MHC class I proteins) 

which would otherwise alert the immune system to the presence 

of tumor antigens; (ii) secretion of immunomodulatory cytokines 

which impede anti-tumor effector cells; (iii) activation of host 

cells which suppress anti-tumor immunity, including T cells 

(Bursuker and North, 1985), B cells (Rudczynski and 

Mortensen, 1978) or macrophages (Alleva and Elgert, 1995); 

and (iv) expression of FasL which induce apoptosis in anti-tumor 

T cells (Walker et al., 1998). 

Recent insights into these mechanisms encourage 

expectations that a more effective control of tumor-induced 

immune dysfunction will be developed in the near future 

(Whiteside, 2010). 

Levey et al., (2001) study reports on the ability of the 

methylcholanthrene-induced fibrosarcoma, Meth A, as well as 

other tumors of varied histological origins to downregulate the 

lytic activity of CD8⁺ T cells. 
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Novel strategies for immunotherapy of cancer are aimed to 

the protection and survival of antitumor effector cells and also of 

central memory T cells in the tumor microenvironment 

(Whiteside, 2010). There are several potential ways to avoid the 

escape of tumor cells. First, patients with early-stage disease 

could be vaccinated to cope with immune tolerance or 

immunosuppression caused by factors released by tumor cells. 

Second, multi-epitope vaccines could be used to bypass the 

heterogeneity in tumor associated antigens (TAA) expression. 

Third, cytokine adjuvants, such as granulocyte macrophage-

colony stimulating factor (GM-CSF), could be used to recruit 

DCs at the vaccination site and improve TAA presentation. 

Interleukin-2 (IL-2) and/or interleukin-12 (IL-12) given 

systemically could be used to help to expand antitumor T cells. 

IL-2 could be used to restore the function of patients�T cells. 

Fourth, the expression of peptide-MHC complexes on target cells 

could be increased by the systemic administration of interferon-α 

(IFN-α) or interferon- � (IFN-�). Finally, as indicated by many 

studies in animal models and in humans, class II-restricted HLA 

epitopes should be provided, even in the form of promiscuous 

determinants, to augment the strength and duration of the 

immune response (Parmiani et al., 2002).  
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Cancer vaccine modalities:  

Cancer immunotherapy can be classified into two                  

basic types namely, active immunotherapy and passive 

immunotherapy (Fig. 12, 13). Active immunotherapy is further 

classified into two systems of specific immunity and non-specific 

immunity that cooperates in important way to form an effective 

barrier to tumor proliferation. Active specific immunotherapy 

includes prophylactic approach towards the metastatic            

malignant cells whereas active non-specific therapy utilizes the 

components of the non-specific immune system of the body. 

These components include, cytokines like interleukins, 

interferons etc. 

Passive immunotherapy is composed of antibody therapy 

and usage of a combination of both active and passive 

components to generate antitumor responses e.g. lymphokine 

activated natural killer cells and tumor infiltrating activated T-

cells (Charles  et al., 1997). 
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Fig. 12: Approaches to antitumor vaccination. (A) Irradiated tumor cells 

transduced with a viral gene transfer vector encoding a cytokine such 

as GM-CSF attract APCs (DCs) that acquire, process, and present 

tumor-associated antigens (TAAs) encoded by the vector in the 

context of MHC. (B) DCs can be directly loaded by incubation with 

tumor protein lysates or peptides with sequences based on expressed 

tumor antigens, or by viral gene transfer vectors expressing TAAs. 

(C) TAAs can be locally supplied to DCs by the direct injection of 

peptides, viral gene expression vectors, or naked DNA expression 

plasmids. DCs migrate to secondary lymphoid tissues where they 

present the antigen epitopes to T cells to generate an antitumor 

cytolytic T cell response (Berzofsky et al., 2004). 
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Fig. 13: Classification of cancer immunotherapy (Rao, 2007). 
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I) Active Specific therapy: 

a)  Cancer vaccines: 

The immune system is capable of both specific and 

nonspecific responses against tumor cells. Cancer vaccines 

stimulate the immune system to act in a tumor specific fashion. A 

cancer vaccine contains cancer cells, parts of cells or pure 

antigens. The vaccine increases the immune response against 

cancer cells that are already present in the body. Cancer vaccines 

cause the immune system to make antibodies to one or several 

specific antigens and/or make killer T-cells to attack cancer cells 

that have those antigens. 

A cancer vaccine would present tumor antigens to immune 

cells and activate CD4 (helper T-cells) and CD8 T-cells 

(cytotoxic/killer T-cells). CD8 T-cells become activated and 

directly kill the tumor cells, while CD4 T-cells are indirectly 

activated by dendritic cells and macrophages to produce 

messengers (cytokines) that boost CD8 T-cell activity. The 

immune system also has a range of nonspecific tools that can be 

stimulated into action by cancer vaccines, including natural killer 

cells and macrophages. Vaccines can be combined with other 



 

 

 

 

 49 

����    Review of literatureReview of literatureReview of literatureReview of literature    

    

substances or cells called adjuvant, which boost the immune 

response (John and Christopher, 2001). 

1) Tumor cell vaccines: 

Tumor cell vaccines use cancer cells removed during 

surgery. The cells are killed, usually by radiation, so they cannot 

form more tumors. Adding chemicals or new genes often 

changes them. The cells are then injected into the patient to 

stimulate a specific immune response so that the immune system 

attacks similar cancer cells remaining in the body. Vaccines 

containing tumor cells fused with dendritic cells are also used to 

further stimulate the immune system. Whole tumor cells are used 

in vaccines instead of individual antigens, as not all cancer 

antigens have been identified and this will ensure that the 

immune system is exposed to a large number of important cancer 

vaccines, including some that have not been recognized (Hann et 

al., 2001). 

The richest source of rejection antigens is the tumor itself 

(Berzofsky et al., 2004). However, if mice are injected with 

irradiated tumor cells that cannot grow, they are frequently 

protected against subsequent injection with a normally lethal 

dose of viable cells of the same tumor (Janeway et al., 2001). 
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Baurèus-Koch et al., (2004) investigated the     

radiosensitivity of noninfected cultured human glioma cells to 

ascertain that intracutaneously administered cells are viable 

enough to produce interferon-γ but not able to proliferate. 

The two basic kinds of tumor cell vaccines are: 

A] Autologous vaccines: 

An autologous tumor vaccine is made from killed tumor 

cells taken from the same person in whom they will be used later. 

These vaccines may be reinjected shortly after surgery or they 

may be grown in the laboratory or preserved by freezing and 

reinjected later (Rao, 2007). 

Effector cells can be activated by tumor cells and then 

become capable of suppressing the growth of, or even destroying,  

the tumor cells (Herberman, 1974). But it can be expensive to 

create a new, unique autologous tumor cell vaccine for each 

patient. Cancer cells also tend to mutate over time, so an 

autologous vaccine may become less effective if the cancer cells 

in the patient's body change (Rao, 2007). 

Chang et al., (1997) carried out a phase 1 trail in patients 

with late-stage melanoma and renal cell carcinoma. Patients were 
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given intradermal vaccination with irradiated autologous tumor 

cells. The results indicate that there may be some clinical activity 

with this approach, and it could be adapted for hematologic 

malignancies particularly for lymphoma therapy. 

Eton et al., (1998) objective was to determine the clinical 

activity, toxicity, and immunological effects of active 

immunotherapy using uvB-irradiated autologous tumor cells plus 

adjuvant DETOX in metastatic melanoma patients. 

Peiper et al., (2002) demonstrated the generation of an 

effective CTL response against pancreatic cancer cells by 

repeated stimulation of autologous T cells with whole autologous 

tumor cells in vitro. 

B] Allogenic vaccines: 

These vaccines use cells of a particular cancer type 

originally taken from another patient. The cells are grown in the 

laboratory. They are killed and injected along with adjuvant to 

stimulate the immune system. Some allogenic vaccines use a 

mixture of cells from several patients. 

Tumor cells are not routinely used to treat cancer. They are 

being studied in clinical trials against several types of cancer 
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such as melanoma, ovarian cancer, breast cancer, colorectal 

cancer, lung cancer and leukemia (Rao, 2007).   

Dranoff, et al., (1993) engineered tumor cells to secrete a 

number of different cytokines that have been shown to protect 

mice from challenge with the same tumor type of the cytokines 

studied, GM-CSF appeared most effective, they found that 

irradiated tumor cells expressing murine granulocyte-

macrophage colony-stimulating factor stimulated potent, long-

lasting, and specific anti-tumor immunity. Local expression of 

GM-CSF increases DCs and other APCs at the site of injection of 

vaccination. These acquire, process, and present antigen to T 

cells. A number of genetically modified autologous or allogeneic 

tumor cell vaccines have been tested in clinical trials (Salgia et 

al., 2003). 

Hurwitz et al., (2000) demonstrated that an effective 

immune response against primary prostate tumors in transgenic 

mice can be elicited using a strategy that combines an inhibitory 

receptor or T cells (CTLA-4) blockade and an irradiated tumor 

cell vaccine. 

Jaffee et al., (2001) recorded that among 14 patients with 

respectable pancreatic cancer vaccinated with GM-CSF-
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transduced allogeneic pancreatic cancer cell lines after surgery, 

three patients remained disease free at 23 months. A number of 

other genetically altered autologous and allogenic tumor cell 

vaccines expressing IL-2, IL-4, B7.1, and α- (1, 3) 

galactosyltransferase are currently in clinical trials (Unfer et al., 

2003). 

Whereas Makki et al., (2002) found that immunization of 

mice with irradiated EL4 cells conferred protection against 

challenge with EL4 and E.G7. Surprisingly, immunization with 

irradiated E.G7 cells did not protect against a subsequent 

challenge with EL4 or E.G7. Their results suggest that 

immunization against subdominant epitopes is more effective 

than vaccination against dominant epitopes.  

Ohashi et al., (2006) determined that combining surgical 

resection of tumor with irradiated whole tumor cells admixed 

with GM-CSF and CpG oligonucleotides vaccination is an 

effective therapeutic strategy for established neuroblastoma. 
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2) DNA vaccines:  

DNA present in cells contains the genetic code for the 

proteins that cells make. Thus, if bits of DNA are injected the 

cells would take these up and the DNA would instruct them to 

continuously make specific antigen. Cells from the body are 

removed and are treated with the DNA containing instructions 

for making a particular antigen and are then reinjected into the 

body. These cells continuously make antigens to produce an 

immune response (Rao, 2007). 

Intramuscular injections of naked DNA expression 

plasmids have been shown to generate immune responses 

(Ulmer et al., 1993). Such DNA vaccines introduce tumor 

antigen genes into DCs for endogenous processing and 

presentation on CTLs in draining lymph nodes or into other cells 

for cross-presentation by DCs, without the need for a viral vector 

(Berzofsky et al., 2001). 

3) Antigen vaccines: 

Antigen vaccines stimulate the immune system by using 

individual antigens rather than whole tumor cells that contain 

thousands of antigens. These vaccines are specific for a certain 
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type of cancer. It is possible to change the antigens to make them 

more easily recognized by the immune system. Thus very 

specific antigens can be given to the patient. Often several 

antigens are combined in a vaccine to produce a response to more 

than one of the antigens that may be present on the cancer cells 

(Rao, 2007). 

The observation that short peptide segments (8-10 amino 

acids) fit into a groove in the MHC molecule, combined with 

knowledge of the amino acid sequences of tumor epitopes, 

prompted the use of peptides as therapeutic agents in the 

treatment of cancer (Traversari et al., 1992). 

Another approach is to deliver the peptide with adjuvants 

containing cytokines, chemokines, costimulatory molecules, or 

other immunomodulators that amplify and directs the immune 

response (Berzofsky et al., 2001). 

Another strategy for the development of peptide vaccine 

uses a synergistic combination of cytokines that induce DC 

recruitment (GM-CSF) and costimulatory molecules that induce 

DC maturation (CD40L or agonistic anti-CD40) (Ahlers et al., 

2002). 
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Rosenberg et al., (1998) evaluated vaccination with               

native gp 100:209-217 peptide and found that it produced only 

low level of T cell reactivity in two of eight melanoma patients 

analyzed, whereas an epitope-enhanced gp 100 (g209-2M) 

peptide nerated strong T cell reactivity in 10 of 11 patients 

immunized. 

b) Dendritic cell vaccines: 

Dendritic cells (DCs) are specialized APCs that help the 

immune system to recognize cancer cells. They break down the 

antigens from the cancer cells into smaller pieces and then 

present them to T-cells making it easier for the immune system to 

react and attack them. Dendritic cells are most effective APCs; 

these are patient specific and must be made individually for each 

patient (Hann et al., 2001). 

Another approach to target DCs is to use ex vivo-generated 

DCs that have been pre-incubated (pulsed) with the peptide of 

interest (Alexander et al., 1994). 

Demonstration of acquired defects in DC maturation and 

function in tumor-bearing animals and cancer patients suggests a 
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rational for using ex vivo-generated DCs as antitumor vaccines 

(Gabrilovich et al., 1996). 

Gabrilovich et al., (1996) reported ineffective CTL 

induction in a murine mutant p53 fibrosarcoma model associated 

with defects in DC function. 

DCs generated in vitro from marrow progenitors 

stimulated allogeneic T cells and induced mutant p53 peptide-

specific T cell response (Gabrilovich, et al., 1996).   

DCs pulsed with tumor lysates (Nair et al., 1997), tumor 

protein extracts (Ashley et al., 1997), synthetic peptide tumor 

epitopes (Mayordomo et al., 1996), or DCs fused with irradiated 

tumor cells could generate protective immunity to subsequent 

tumor challenge (Siders et al., 2003). Transfer of nucleic acids 

encoding tumor antigens into DCs using plasmid transfection 

(Chen et al., 2003), retroviral vectors (Akiyama et al., 2000), 

recombinant adenovirus (Wan et al., 1997), lentiviruses 

(Esslinger et al., 2002), or electronporation of tumor RNA has 

been effective (Ashley et al., 1997). 

Antigens can also be targeted to DCs by coupling to DC-

specific antibodies (Bonifaz et al., 2002). Transfer of genes 
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encoding costimulatory molecules (B7) and cytokines (IL-12) 

into DCs has also enhanced antitumor vaccine efficacy (Zitvogel 

et al., 1996). 

Joo et al., (2002) reported that monocyte-derived, CDIa⁺ 

immature DCs significally inhibit the growth of breast tumor 

cells in coculture and transwell experiments. 

Shilyansky et al., (2007) tested the ability of DCs 

generated from pediatric patients´ peripheral blood monocytes 

and pulsed with necrotic tumors to activate autologous tumor-

specific cytolytic T cells. 

Whereas, Tobiasava et al., (2007) explored the feasibility 

and immunogenicity of DC vaccines pulsed with autologous 

irradiated tumor cells from ovarian cancer. 

II) Active non-specific immunotherapy: 

There are non-specific agents that tune up the body's 

immune system. Administration of lymphokines like                  

interferon (IFN) and interleukin (IL) awakens the cell                

mediated immunity and leads to destruction of cancer (Mach et 

al., 2000). 
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IL-2 is a potent growth factor of T cells. IL-2 and IFN α 

are the components of cytokine therapy that are used as immuno-

stimulants in kidney cancer, melanoma and leukemia (Gillessen 

et al., 2003). Some cytokines such as TNF (tumor necrosis 

factor), Interleukin-4, and Interleukin-6 are used (Berkow and 

Beers, 1997).  

A number of trials utilizing recombinant viruses 

expressing tumor antigens, some with immunostimulatory 

cytokines, have been reported or in progress (Zhu et al., 2000). 

III) Passive immunotherapy: 

Passive immunotherapy involves the creation of specific 

immune elements in the laboratory that are administered to the 

patient to fight cancer. Passive immunotherapy involves antibody 

therapy and combined therapies. Monoclonal antibody therapy is 

a form of passive immunotherapy because these treatments do 

not require the person's immune system to take an active role in 

fighting the cancer (Charles et al., 1997). 
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a) Antibody therapy: 

Antibodies are mass produced in the laboratory by           

fusing a myeloma (a type of bone marrow cancer) cell from a 

mouse with B cell that makes a specific antibody. The cell that 

results from this fusion is called hybridoma. The combination of 

a B cell that can recognize a particular antigen and a myeloma 

cell that lives indefinitely makes the hybridoma cell a kind of 

perpetual antibody producing factory (Hudson and Souriau, 

2003). 

Two types of monoclonal antibodies are used in cancer 

treatment: 

1. Naked monoclonal antibodies are those without any drug 

or radioactive material attached to them. 

2. Conjugated monoclonal antibodies are those joined to a 

chemotherapy drug, radioactive particle, or a toxin (Green 

et al., 2000). 

b) Passive combined immunotherapy:  

This therapy involves destruction of cancer cells by cell 

recruitment of cytotoxic T-cell, NK cells or macrophages that can 

be targeted by encoding cell surface antibodies (Waks et al., 
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2001). It may also include alternative cell recruitment strategies 

using bifunctional antibodies fused to cytokines for T cell 

stimulation at tumor sites (Thor et al., 2001). 

1. Lymphokine-activated killer (LAK) cell therapy: 

Cancer-fighting T-cells can be produced in the laboratory 

by treating a small number of T-cells in a test tube with 

interleukin-2 or cytokine. After being returned to a patient's 

blood stream these special cells (LAK cell therapy) has shown 

promising results in animal studies, where shrinkage                  

of tumor of lung and liver was seen (Berkow and Beers, 1997). 

2. Natural killer cell therapy: 

Lymphocytes called NK cells are not specific as killer               

T-cells, but are drawn to areas with cancer cells by substances 

given off by other cells. They attach to cancer cells and            

release substances that split the cells open. After killing the 

cancer cells, the NK cells then find another cancer cells to attack. 

Anti tumor activity of NK cells is still under study (Talmadge et 

al., 1980).   
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3. Tumor infiltrating lymphocyte (TIL) therapy: 

These lymphocytes are obtained from the tumors and 

expanded in vitro with IL-2. TIL action was studied for renal cell 

carcinoma and malignant melanomas (Morstyn and Sheridan, 

2000). Goff (2010) found that adoptive cell transfer of tumor-

infiltrating lymphocytes (TILs) can mediate objective tumor 

regression in 49% to 72% of patients with many long-term 

durable responses. 

Cancer cells metabolize glucose inefficiently: 

More than 80 years ago, the renowned biochemist Otto 

Warburg described how cancer cells avidly consume glucose and 

produce lactic acid under aerobic conditions (Figs. 14, 15). 

ATP required for normal cell proliferation and survival 

comes primarily from two sources. The first is glycolysis, which 

comprises a series of reactions that metabolizes glucose to 

pyruvate in the cytoplasm to produce a net of 2 ATP from each 

glucose. The other is the tricarboxylic acid (TCA) or Krebs cycle, 

which uses pyruvate formed from glycolysis in a series of 

reactions that donate electrons via NADH and FADH2 to the 

respiratory chain complexes in mitochondria. With oxygen 
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serving as the final electron acceptor, electron transfer creates 

across the mitochondria inner membrane, a proton gradient of 

which the dissipation through ATP synthase forms 36 ATP per 

glucose molecule. With limited oxygen, such as with muscles 

that have undergone prolonged exercise, pyruvate is not used in 

the TCA cycle and is converted into lactic acid by lactate 

dehydrogenase (LDH) in a process termed anaerobic glycolysis 

(Kim and Dang, 2006). 

 

Fig. 14: Blood delivers glucose and oxygen to cells. Glucose is ultimately 

converted to pyruvate, generating two ATP per glucose. In the 

presence of oxygen, pyruvate is oxidized to HCO3, generating                

36 additional ATP per glucose. In the absence of oxygen, pyruvate  

is reduced to lactate, which is exported from the cell (Garber, 

2004). 
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Fig. 15: Molecular underpinnings of the Warburg effect. The Warburg 

effect (highlighted) describes the enhanced conversion of glucose to 

lactate by tumor cells, even in the presence of adequate oxygen that 

would ordinarily be used for oxidative phosphorylation. Activation of 

the AKT oncogene results in increased glucose transportation and 

stimulation of HK2 activity, which enhances glycolytic rates. The MYC 

oncogene is depicted to activate glycolytic genes and mitochondrial 

biogenesis, which when sustained by high MYC levels can result in 

reactive oxygen species (ROS) production. ROS could, in turn, cause 

mtDNA mutations that render mitochondria dysfunctional. p53 is 

shown to stimulate respiration through activation of a component of the 

respiratory chain. In addition to hypoxic stabilization, HIF-1 is shown 

to be increased by RAS and loss of VHL, which mediates its 

degradation. HIF-1 transactivates glycolytic genes as well as directly 

activates the PDK1 gene, which in turn inhibits PDH that catalyzes the 

conversion of pyruvate to acetyl-CoA. Acetyl-CoA is shown to enter 

the TCA cycle, which donates electrons to the mitochondrial respiratory 

chain complexes I to IV. Inhibition of PDH by PDK1 attenuates 

mitochondrial function, resulting in the shunting of pyruvate to lactate 

(Kim and Dang, 2006). 
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Glycolytic flux is modulated by several allosteric effectors, 

including ATP, which create negative feedback when oxygen is 

abundant (the Pasteur effect) and allow mitochondria to further 

oxidize pyruvate to CO2, H2O, and energy catabolites (Wu and 

Racker, 1959). Fine-tuning of this metabolic control is essential 

for maintenance of adequate cell energy production (Dewhirst, 

2003). 

Many cancer cells consume glucose avidly and produce 

lactic acid rather than catabolizing glucose via the TCA cycle 

(Warburg, 1956). 

Otto Warburg observed that thin slices of human                    

and animal tumors ex vivo displayed high levels of glucose 

uptake and lactate production. The shift toward lactate 

production in cancers, even in the presence of adequate oxygen, 

is termed the Warburg effect or aerobic glycolysis (Warburg, 

1956). 

Warburg thought cancer was caused by defects in 

oxidative phosphorylation, or "respiration", in the mitochondria, 

forcing the cell to revert to a more "primitive" form of energy 

generation-glycolysis. In his view, this switch caused such cells 

to become undifferentiated and cancerous. But evidence for 
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defective respiration in cancer cell has been scant. Thompson's 

model, on the other hand, links the Warburg effect not to 

mitochondrial defects but to mutations in signaling pathways that 

govern glucose uptake into cells (Garber, 2004). 

Tumors contain oxygenated and hypoxic regions, so the 

tumor cell population is heterogeneous. Hypoxic tumor cells 

primarily use glucose for glycolytic energy production and 

release of lactic acid creating a lactate gradient that mirrors                

the oxygen gradient in the tumor. Oxygenated tumor cells             

have been thought to primarily use glucose for oxidative             

energy production. Although lactate is generally considered a 

waste product, it is a prominent substrate that fuels the            

oxidative metabolism of oxygenated tumor cells (Sonveaux et al., 

2008). 

Patel et al., (1996) examined serum lactate dehydrogenase 

(LDH) level in 24 patients with germ cell tumors of the ovary to 

evaluate the usefulness of the enzyme as a tumor marker. Lactate 

dehydrogenase levels were found to be significantly elevated in 

these patients at the time of diagnoses as compared to the 

controls. The LDH values significantly declined in the patients 

who respond to treatment. Metastatic or recurrent disease 

resulted in increased LDH levels. The results indicated that LDH 
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is a useful tumor marker for malignant germ cell tumors of the 

ovary. 

Prianichnikova et al., (2008) studied the activity of LDH 

in blood serum and urine of males and females with renal 

carcinoma, as well as in healthy controls in various age groups, 

for specification of LDH role for early diagnosis of the disease. 

They believed that LDH activity test as an additional test for 

early diagnosis of renal carcinoma is justified both in males and 

females.  

Kolev et al., (2008) showed that LDH-5 expression may 

be a useful prognostic factor for patients with gastric carcinoma. 

Sonveaux et al., (2008) identified monocarboxylate 

transporter 1(MCT1) as the prominent path for lactate uptake by 

a human cervix squamous carcinoma cell line that utilized lactate 

for oxidative metabolism. Inhibiting MCT1 with α-cyano-4-

hydroxycinnate (CHC) or siRNA in these cells induced a switch 

from lactate-fueled respiration to glycolysis. A similar switch 

from lactate-fueld respiration to glycolysis by oxygenated tumor 

cells in both a mouse model of lung carcinoma and 

xenotransplanted human colorectal adenocarcinoma cells was 

observed after administration of CHC. This retarded tumor 
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growth, as the hypoxic/glycolytic tumor cells died from glucose 

starvation, and rendered the remaining cells sensitive to 

irradiation. As MCT1 was found to be expressed by an array of 

primary human tumors; they suggest that MCT1 inhibition has 

clinical antitumor potential. 

Immunomodulators: 

Immunomodulators are biologic response-modifying 

compounds that affect the immune response in either a positive 

or negative fashion. These include a large number of compounds, 

which can be divided into three categories; general 

immunostimulatory agents, mostly of bacterial origin; eukaryotic 

source substances, such as cytokines and monoclonal antibodies, 

which tend to have much more specific effects. An ever-

increasing array of potential immunomodulators are being 

examined for therapeutic benefit in a variety of disorders, 

including but not limited to malignancies, immunodeficient states 

such as acquired immunodeficiency syndrome (AIDS), and 

inflammatory diseases. A number of these have reached clinical 

trials, and some have demonstrated considerable efficacy 

(Hennessey and Baker, 1997).  
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Immunostimulatory agents: 

Immunostimulation has long been known in medicine. In 

general, it is defined as the injection of substances that 

themselves have only weak, if any, antigenic effect, but are 

nevertheless able to induce the body's own defense mechanisms 

in a nonspecific or specific manner. A great number of 

substances are known to be able to stimulate immune defense, 

especially various minerals such as AL(OH)3, MgSO4, beryllium, 

vegetable oils with or without added mycobacteria, and a number 

of constituents of plants. 

In most known cases, it is impossible to define the exact 

mode of action of the immunostimulating substances. These 

substances are known to generally influence the proliferation of 

the immunocomptent cells. The primary targets of the action of 

immunostimulating substances are known to be macrophages and 

granulocytes, as well as T and B lymphocytes. 

The effect of the immunostimulants may be direct or 

indirect, for example, via the complement system or the 

lymphocytes, via the production of interferon or lysozymal 

enzymes (e.g. lymphokines, colony-stimulating factor, and 



 

 

 

 

 70 

����    Review of literatureReview of literatureReview of literatureReview of literature    

    

others). As well as via an increase in macrophagocytosis and 

microphagocytosis. 

Medical applications of immunostimulation are primarily 

for the therapy of mixed infections and chronic, persistent, 

chemotherapy-resistant bacterial and viral infections. 

Immunostimulant may also be used to prevent opportunistic 

infection of patients at risk, for therapy of malignant diseases, 

and for treatment of autoimmune diseases (Braswell and Ahmed, 

2000). 

Echinacea: 

Echinacea, or purple coneflower, is an indigenous North 

American perennial. There are three species of medicinal value: 

Echinacea angustifolia, Echinacea purpurea and Echinacea 

pallida (Combest and Nemecz, 1997). 

Side effect and toxicity: 

The long history of Echinacea use and numerous                

animal toxicity studies attest to its safety. No harmful reactions 

have been reported when Echinacea is used as recommended. 

Toxicity studies in rats show the lack of toxis effect following 

four weeks of daily injections of Echinacin at doses many              
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times the therapeutic dose in humans (Mengs et al., 1991).             

Tests for mutagenicity in microorganisms and mammalian            

cells were negative (Hobbs, 1996). The only known side                  

effect is an occasional slight rise in temperature (0.5-1.0°F.)   

upon interveneous administration (Braswell and Ahmed,             

2000). Prolonged administration of Echinacea may lead to 

immune-system overstimulation and eventual suppression 

(Hobbs, 1996).  

Medicinal uses: 

Early uses of Echinacea ranged from treating saddle sores 

in horses to snake bite and typhoid fever. Today Echinacea̍ s 

popularity is fueled largely from an accumulating body of 

evidence supporting its efficacy as an immune-system stimulant 

(Braunig, 1992). 

A major part of Echinacea immunostimulation involves 

enhancement of macrophages phagocytosis as well as stimulation 

of their production and secretion of immune-potentiating 

substances such as interferon, interleukins, and tumor-necrosis 

factor (TNF) (Bauer et al., 1988). 
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Extracts of E. purpurea were shown to stimulate both 

natural killer cell activity and antibody-dependent cellular 

cytotoxicity against human herpes virus (Broumand et al., 1997). 

All of these studies utilized peripheral blood mononuclear cells 

isolated from both normal individuals and patients with 

depressed cellular immunity. Echinacea also promotes 

nonspecific T-lymphocyte activation with resultant increased cell 

replication and enhanced production of interferon and increases 

in antibody binding sites (Wagner, 1985). An increased number 

of circulating neutrophils has also been reported (Bauer and 

Wagner, 1991). A lipid-soluble compound isolated from 

Echinacea roots (1, 8 pentadecadiene) was shown to have direct 

antitumor activity (Voaden and Jacobson, 1972). 

Of special interest is the finding that Echinacea stimulates 

macrophage to attack and destroy tumor cells. In addition to 

these anticancer effects, several studies found that Echinacea is 

especially useful in increasing the white blood cell count in 

cancer patients receiving radiation or chemotherapy (Phohl, 

1969). 

According to the invention discovered by Braswell and 

Ahmed (2000), the use of Echinacea extract, particularly 

Echinacea Angustofolia, Bromelain and lysozyme in combination 
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results in enhanced or synergistic immunostimulation of the 

body’s immune system. The use of all three agents in 

combination provides a combination of anti-bacterial, anti-viral 

and, possibly, anti-tumor activity. Further, other effects, such as 

the anti-inflammatory effect of Echinacea, are also realized. 

Therefore, the composition of this invention provides an 

improved method of both curing and preventing bacterial and 

viral infections. Particularly when administered orally, the 

composition provides a superior means of both curing and 

preventing excess bacterial growth in the mouth and on the 

tongue, which causes, for example, gum disease and halitosis, 

respectively. 

Rininger et al., (2000) investigated the 

immunostimulatory, anti-inflammatory, and antioxidant activities 

of various Echinacea raw materials and commercially available 

products on murine macrophages and human peripheral blood 

mononuclear cells (PBMCs). They found that Echinacea herb 

and root powders stimulate murine macrophage cytokine 

secretion as well as to significantly enhance the viability and/or 

proliferation of human PBMCs in vitro. 

Vinti et al. (2002) exmined the immunmodulatory effects 

of preparations of Echinacea containing its components cichoric 
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acid, polysaccharides and alkylamides in different concentrations, 

using male Sprague-Dawley rats. Phagocytic activity of alveolar 

macrophage was increased with increasing concentrations of the 

Echinacea components. An enhanced release of cytokines (such 

as TNF-α and TNF-γ) in response to Echinacea components was 

also apparent in rats ̍ spleen macrophage, but at higher 

concentrations. These results suggest that the Echinacea 

preparations containing optimal concentrations of cichoric acid, 

polysaccharides and alkylamides are potentially effective in 

stimulating an in vivo, non-specific immuneresponse in normal 

rats.  

Jurkstiene et al., (2002) investigate the mechanisms of 

action of Echinacea purpurea preparations on the immune 

system and define which part of the plant is the most effective as 

an immunostimulator, and found that Purple Coneflower extracts 

from roots were more effective phytoimmunostimulators than 

those from overground parts. They significantly increased in vivo 

the number of leucocytes and lymphocytes, especially T 

lymphocytes, in peripheral blood of rabbits as compared with the 

control group. Purple Coneflower preparations activate 

phagocytosis of neutrophils in vitro and in vivo while its 

stimulation of T lymphocytes in vitro was the most pronounced. 
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Chicca et al., (2006) investigated potential in vitro 

cytotoxic and pro-apoptotic properties of hexanic root of the 

three medicinal Echinacea (Asteraceae) species (Echinacea 

pallida (Nutt.) Nutt., Echinacea angustifolia DC. Var. 

angustifolia, Echinacea purpurea (L.) Moench.) on the human 

pancreatic cancer MIA PaCa-2 and colon cancer COLO320 cell 

lines. They demonstrated, for the first time, that all the three 

species reduced cell viability in a concenteration-and time-

dependent manner; Echinacea pallida extract was able to induce 

apoptosis by increasing significantly caspase 3/7 activity and 

promoting nuclear DNA fragmentation. These results represent 

the starting point to establish viable scientific evidence on the 

possible role of Echinacea species in medical oncology. 
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   MATERIALS AND METHODS 

 

I- Materials: 

Experimental animals: 

Female Swiss albino mice weighing 22-25 g were used. 

Animals were obtained from the animal farm of the Egyptian 

Holding Company for Biological Products and Vaccines; Cairo, 

Egypt. 

Animals were housed in cages (15 mouse/cage) under 

good ventilation condition and adequate stable standard diet, in 

the animal house at National Center for Radiation Research and 

Technology. The diet consisted of 20 % proteins, 5 % fibers, 3.5 

% fats and 5-6 % ash and supplied with vitamins mixture. Mice 

were allowed diet and water ad libitum.  

Ehrlich cell line:  

Ehrlich ascites tumor cell line was kindly gifted form 

National Cancer Institute, Cairo University. The line had been 

propagated as ascites in female Swiss Albino mice by 
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intraperitoneal (ip) inoculation throughout the time of the 

experiment.  

The Ehrlich cells were withdrawn from the inoculated 

mice after 10 days of inoculation using syringe. The cells were 

diluted and stained with 0.4 % trypan blue (TB) (Sigma, USA). 

Ehrlich cells were counted using hemocytometer for optimization 

of dilution, using the equation:- 

Count of Ehrlich cells = number of cells×5×10
4
×dilution                                                                                             

factor. 

Trypan blue: 

Trypan blue is a vital stain (diazo dye) used to selectively 

colour dead tissues or cells with blue colour. It detects cell 

membrane damage due to the loss of membrane polarity i.e. 

viable cells exclude the dye whereas dead cells take it up and 

give distinctive blue colour under a light microscope. 

Measurement of survival is achieved by direct counting of viable 

and dead cells (Marashi et al., 2008). 

The immunomodulator drug: 

The immunomodulator drug used is a natural product   

consisting of Echinacea purpurea root extract and is known 
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commercially as immunovita. It is produced by Pharaonia 

pharmaceuticals Company. Mice were injected i.p. with 0.6 

mg/mouse of the immunomodulator daily for a week.   

Radiation source: 

Irradiation process was performed using Indian Gamma 

Chamber achieved by Egypt ̍ s National Centre for Radiation 

Research and Technology (NCRRT), Cairo. The Indian Gamma 

source was a Co-60 irradiation unit, model 4000A, manufactured 

by Baha Baha Research Centre. 

The unit provides a mean for uniform Gamma irradiation 

of biological samples while providing complete protection for 

operating personal. The irradiation Chamber Dimensions are 16 

cm diameter and 20 cm height.  

The Indian Gamma Chamber is used to provide high doses 

of radiation. The dose rate of the Indian Gamma Chamber was 

1.4625 KGy/h at the time of experimentation.  

Choice of radiation dose: 

 Three samples of Ehrlich cells were irradiated with gamma 

rays at absorbed dose levels of 60, 80 and 100 Gy. By examining 
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the irradiated cells under the microscope using trypan blue stain 

(10 µl trypan blue (0.05 %) was mixed with 10 µl of the single 

cell suspension), it was found that for absorbed dose level 60 Gy, 

80 % of the cells are viable, for 80 Gy, 35 % are viable and for 

100 Gy all the cells are nonviable. In the present study 

proliferation of Ehrlich tumor cells was detected using dose level 

60 Gy according to Haspel et al (2009).  

Thirty mice were injected subcutaneously with 

10
7
cells/mouse of Ehrlich tumor cells after irradiation at dose 

level 60 Gy in the right thigh three times with one week interval, 

after one month it was observed that no induction of tumor 

occurred indicating that irradiated tumor cells cannot proliferate.  

Immunization design: 

The immunization protocol and the physical observations 

had been repeated for five separate times to stabilize the 

vaccination protocol and to insure the obtained results. 

a- Vaccination design protocol: 

Mice were vaccinated subcutaneously with                     

10
7 

irradiated Ehrlich tumor cells /mouse at dose level 60 Gy in 

the right thigh three times with one week apart then seven days 
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after the last injection; immunized mice were challenged with              

2.5×10
5 
 viable Ehrlich tumor cells/ mouse in the left thigh.  

b-Therapeutic design protocol: 

Each mouse was inoculated with 2.5×10
5 

viable Ehrlich 

tumor cells/mouse in the right thigh. The tumor size was 

observed till forming a bulb and then mice were injected 

subcutaneously with 10
7 

irradiated Ehrlich tumor cells/mouse at 

dose level 60 Gy in the left thigh three times with one week apart. 

Animal groups: 

In this study, 135 mice were used. 120 mice were divided 

into two main classes vaccinated and therapeutic, each one was 

divided into 4 groups, and each group consisted of 15 mice. In 

addition, 15 mice were left as a normal control group (G5).   
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Vaccinated class: 

Group 

 

 

Immun.    

Group 1 (G1) 

Control Group 

(n=15) 

Group 2 (G2) 

Mice 

vaccinated with 

irrad. Ehrlich 

tumor cells 

(n=15) 

Group 3 (G3) 

Mice vaccinated 

with immunom. 

(n=15) 

 

Group 4 (G4) 

Mice vaccinated 

with irrad. 

Ehrlich tumor 

cells+ 

immunom. 

(n=15) 

10
7 
irrad. 

Ehrlich tumor 

cells/mouse 

 1
st
 immun.  

10
7
 irrad. 

Ehrlich tumor 

cells/mouse 

0.6 mg 

Echinacea 

purpurea/mouse 0.6 mg 

Echinacea 

purpurea/mouse 

Subcutaneously 

in right thigh 

 
Mode of 

injection  
Subcutaneously 

in right thigh 
Intraperitoneal 

Intraperitoneal 

 

One week 

 Time interval  One week 
Daily for a 

week 
Daily for a 

week 

2
nd 

immun.  

10
7 
irrad. 

Ehrlich tumor 

cells/mouse 
 

10
7
 irrad. 

Ehrlich tumor 

cells/mouse 

Mode of 

injection 
 

Subcutaneously 

in right thigh 
 

Subcutaneously 

in right thigh 

Time interval  One week  One week 

3
rd

 immun.  

10
7
 irrad. 

Ehrlich tumor 

cells/mouse 

 

10
7
 irrad. 

Ehrlich tumor 

cells/mouse 

Mode of 

injection 
 

Subcutaneously 

in right thigh 
 

Subcutaneously 

in right thigh 

Time interval  One week  One week 

Challenge 2.5×105 viable Ehrlich tumor cells/mouse 
Mode of 

injection 
Subcutaneously in left thigh 

Time interval 14 days then mice were sacrificed 

n: number of mice per group. 

irrad.: Irradiated. 

immunom.: Immunomodulator. 
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Therapeutic class: 

 Group      

 

 

Immun. 

Group 1 (G1) 

Control 

Group 

(n=15) 

Group 2 (G2) 

Mice vaccinated 

with irrad. 

Ehrlich tumor 

cells 

(n=15) 

Group 3 (G3) 

Mice vaccinated 

with immunom. 

(n=15) 

 

Group 4 (G4) 

Mice vaccinated 

with irrad. 

Ehrlich tumor 

cells+ 

immunom. 

(n=15) 

Challenge 2.5×10
5
 viable Ehrlich tumor cells/mouse 

Mode of 

injection 
Subcutaneously in right thigh 

Time interval One week 

10
7
 irrad. Ehrlich 

tumor 

cells/mouse 
1

st
 immun.  

10
7
 irrad. Ehrlich 

tumor 

cells/mouse 

0.6 mg 

Echinacea 

purpurea/mouse 0.6 mg 

Echinacea 

purpurea/mouse 

Subcutaneously 

in left thigh Mode of 

injection 
 

Subcutaneously 

in left thigh 
Intraperitoneal 

intraperitoneal 

 

One week 

 
Time interval  One week Daily for a week 

Daily for a week 

2
nd 

immun.  

10
7
 irrad. Ehrlich 

tumor 

cells/mouse 
 

10
7
 irrad. Ehrlich 

tumor 

cells/mouse 

Mode of 

injection 
 

Subcutaneously 

in left thigh 
 

Subcutaneously 

in left thigh 

Time interval  One week  One week 

3
rd

 immun.  

10
7
 irrad. Ehrlich 

tumor 

cells/mouse 

 

10
7
 irrad. Ehrlich 

tumor 

cells/mouse 

Mode of 

injection 
 

Subcutaneously 

in left thigh 
 

Subcutaneously 

in left thigh 

Time interval 14 days then mice were sacrificed 

n: number of mice per group. 

irrad.: Irradiated. 

immunom.: Immunomodulator. 
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Sampling: 

After 3 weeks from challenge for the vaccinated class                   

and from third immunization for therapeutic class, mice                 

were anaesthetized and sacrificed. Blood and spleen from 

animals of each group were collected and used for the proposed 

studies.  

a-Blood samples: 

Blood samples were collected from heart using disposable 

plastic syringes and drained in 2 tubes; one is EDTA containing 

ependorff for haematological study and the other tube for serum 

separation for lactate dehydrogenase test. 

b-Spleen samples: 

Spleenocytes (effector cells) preparation: 

1. Spleen cells were dissected into two parts; the first part 

was kept in saline while the second part was taken and 

dissected in 10 ml media for releasing spleenocytes cells, 

then filtered by mish and used as effector cells for  3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide  

(MTT) assay and DNA fragmentation. 
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2. The first part was dissected in saline for releasing 

spleenocyte cells, then diluted and counted under the 

microscope. The spleenocytes cells were centrifuged at 

10,000rpm, 1×10
7
/ml of the cells were then resuspended in 

1ml lysis buffer and used as effector cells for granzyme B 

activity determination. 

II-Methods: 

Measurement of tumor size: 

A calliper was used for measurement of tumor growth, 

which was documented 3 times a week by applying the equation 

described by Nagle et al (2004).  

Tumor volume (mm
3
) = 4/3 (1/2 smaller diameter)

 2 
× (1/2 larger 

diameter). 

In the vaccinated class tumor size was observed and 

measured 3 times a week after appearance of tumor nodules in 

control groups.  

In the therapeutic class, tumor size was observed and 

measured 3 times a week for 4 weeks and then mice were 

sacrificed.  
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The percentage of inhibition was calculated according to 

the formula (Chang et al. 2004): 

% inhibition= C-T/C×100    

T: tumor growth in treated mice (mm
3
) 

C: tumor growth in control mice (mm
3
) 

Immunomodulator: 

The Echinacea purpurea tablets were dissolved in dimethyl 

sulfoxide (DMSO) (Sigma, USA). Where the dose per mouse is 

equal to 0.6 mg. 

1) Hematological study: 

a) White cells count: 

This method was carried out according to Cheesbrough 

(2000). 
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Procedure: 

1- Ethylene diamine tetra acetic acid (EDTA) anticoagulated 

blood was used for counting white cells. 

2- Whole blood was diluted 1:20 in an acid reagent (glacial 

acetic acid) which haemolysis the red cells leaving the 

white cells to be counted. White cells were counted 

microscopically using haemocytometer. 

b) Blood film: 

  Blood film made from well mixed EDTA anticoagulated 

blood. 

Reagents: 

  Leishman stain is a product of  Egyptian Diagnostic Media. 

A well stained film examined microscopically should show 

the following: 

- Large lymphocytes: cytoplasm stains a clear blue. 

- Small lymphocytes: cytoplasm stains a darker blue than 

large lymphocytes. 
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Procedure: 

1- A blood spreader is made from a slide which has ground 

glass polished sides.   

2- A drop of blood is placed on the end of clean dry slide. 

The drop is avoided to be too large. 

3- Using a clean smooth edged spreader, the spreader                

was drawn back to touch the drop of blood film and the 

blood is allowed to extend along the edge of the           

spreader.  

4- The film was air dried immediately and protected from 

dust and insects. 

5- When completely dry, within a few minutes, the film was 

covered with the undiluted Leishman stain for 1-3 

minutes. 

6- Drops of buffered H2O (pH 6.8) were added to the 

undiluted stain on the slide, where the diluted stain 

wasn’t allowed to overflow. The H2O was well mixed 

with the stain by blowing on the diluted stain.   

7- The diluted stain was allowed to act for 10 minutes. 

8- The stain was washed off with buffered H2O (pH 6.8). 

9- The slide was allowed to dry. 
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10- A drop of immersion oil was placed and covered with a 

clean cover glass. 

11- The film was examined microscopically. 

2) Determination of Lactate dehydrogenase (LDH): 

Principle: 

This method is based on determination of the initial rate of 

the NADH oxidation which is directly proportional to the 

catalytic LDH activity. It is determined by measuring the 

decrease in absorbance at 340 nm. The used lactate 

dehydrogenase-liquizyme is a product of Egyptian Company for 

Biotechnology. The method is carried out according to Bais and 

Philcox (1994).  

Reagents: 

-Reagent 1 (R1 Buffer) 

                 Tris buffer (pH 7.5)    50 mmol/L 

                  Pyruvate   3.0 mmol/L 

                  Sodium Azide   8.0 mmol/L 

-Reagent 2 (R2 Coenzyme) 

                  NADH                         > 0.18 mmol/L 
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                  Sodium Azide                8.0 mmol/L 

Procedure: 

1- Nonhaemolyzed serum was used for LDH determination. 

2- Working solution was prepared by mixing 9 volumes of 

reagent 1 (R1) and 1 volume of reagent 2 (R2). 

3-  One ml of working solution was added to 20 µl of sample 

in a cuvette at 37°C. 

4- The sample was mixed and adjusted against air. Initial 

absorbance was recorded after 30 seconds at wavelength 

340 nm. Start timer simultaneously, read again after 1, 2 

and 3 minutes. The mean absorbance change per minute 

(∆A/min) was determined. 

Calculation: 

LDH activity is calculated using the following formula: 

LDH activity (U/L) = 8095 × ∆A 340 nm/min. 
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3)  3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium 

bromide  (MTT) viability assay: 

Principle: 

The MTT colorimetric assay determines the ability of 

viable cells to convert a soluble tetrazolium salt [3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide] (MTT) 

into an insoluble formazan precipitate. Tetrazolium salts are 

reduced to the intensely coloured formazans by the functioning 

electron transport systems of the viable cells. This reaction 

converts the yellow salts to blue-coloured formazan crystals           

that can be dissolved in an organic solvent whose               

concentration can be spectrophotometrically determined. The 

optical density of the formazan produced from MTT is directly 

proportional to the number of viable cells tested. This method is 

carried out according to Wilson, et al (1990) with some 

modification.   

Reagents:  

- Complete Roswell parkmemorial institute (RPMI) medium: 

100ml of RPMI-1640 medium, 10ml of fetal calf serum 

and 1ml of antibiotic (streptomysin sulphate equivalent to 

1gm streptomysin base). 
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- MTT Dye: Dye solution (0.5 mg in 1 ml saline). 

- Solubilisation/stop solution (23 ml Isopropanol+2 ml 1N 

HCL) 

Procedure: 

1- Fresh Ehrlich tumor cells were diluted under aseptic 

conditions (ultraviolet laminar flow system), one to ten 

using complete RBMI media. One ml was added for each 

well. 

2- One ml of 10
7
 suspended spleenocytes in media was taken 

and added for each well. 

3- Plates were incubated for 24 hrs at 37 °c. 

4- After incubation cells were pelleted by centrifugation in  

Eppendorf tubes at1, 500 rpm for 5min and the media was 

discarded. 

5- To start the reaction, 400 µl of MTT were added for each 

sample and incubated for 2 hrs until purple precipitate was 

visible. 

6- Solubilising solution (800 µl) was added for each sample 

and shacked. 

7- Absorbance was recorded at 550 mm. 
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Calculation: 

%Viability = O.D. of treated/O.D. of control×100. 

4) Asp-ase assay for granzyme B enzyme activity: 

Principle: 

The granzyme B is one of the major components of the 

granules involved in cell killing by cytotoxic T lymphocytes. 

Granzyme B has been shown to activate the apoptotic death 

pathway in the target cell, and this involves activation of 

members of the caspase protein family (Craen, et al., 1997). 

Granzyme B displays unique substrate specificity for a member 

of the serine proteinase family, proteolytically cleaving proteins 

following aspartate residues which results on activation of 

caspases by converting the inactive zymogen to an active 

protease (Barry, et al., 2000). The method is carried out 

according to Gardiner, et al. (1998) with some modifications. 
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Reagents: 

-Lysis buffer (pH7.5) 

4-(2-hydroxyethyl)-1-piperazinee thanesulfonic acid 

(HEPES)       0.1 mol/ml 

CaCl�          0.05 mol/L 

NP40             0.5 % 

-Diluting buffer (pH7.5) 

HEPES          0.1 mol/L 

CaCl2            0.05 mol/L 

-Substrate: (Sigma)  

N-Acetyl-Asp-Glu-Val-Asp-p-Nitro-aniline 

Procedure: 

1- Spleenocytes (effector cells) were prepared by 

resuspending freshly isolated cells 1×10
7
/ml in 1 ml lysis 

buffer. 

2- Cells were freeze-thawed twice and centrifuged in a 

minifuge at 10,000 rpm for 15 min. 

3- The resulting supernatant was aliquoted into 96-well flat-

bottomed plate in 50µL volumes. 
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4- 50 µL of 2 mmol/L substrate was added per each well. 

5- Blank samples consisted of substrate and diluent alone. 

6- Substrate conversion was calculated by measuring the 

change in optical density (O.D.) at 405 nm after 3 days of 

incubation at 37 °C. 

Calculation: 

 The enzyme activity was calculated as nmol p-Nitro-

aniline (pNA) released per min per ml for the enzyme sample. 

Enzyme activity, nmol/min/ml= (At-A0) / (Anmol)×(t)×V 

V = Volume in ml of enzyme solution in the reaction. 

t = reaction time in minutes. 

Anmol= absorbance of 1nmol in the microwell from the 

calibration curve. 

At = absorbance at time t min. 

A0 = absorbance at zero time. 
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5) Qualitative analysis of DNA fragmentation by agarose gel 

electrophoresis: 

Principle: 

Nuclear morphological changes characteristic of apoptosis 

appear within the cell together with a distinctive biochemical 

event which is the endonuclease-mediated cleavage of nuclear 

DNA. In fact, formation of DNA fragments of oligonucleosomal 

size (180-200 bp) is a hallmark of apoptosis in many cell types. 

In apoptotic cells specific DNA cleavage becomes evident in 

electrophoresis analysis as a typical ladder pattern due to 

multiple DNA fragments. The method is carried out according to 

Laird, et al. (1991) with some modifications.  

Reagents: 

- Complete RPMI medium: 100ml of RPMI-1640 medium, 

10ml of fetal calf serum and 1ml of antibiotic 

(streptomysin sulphate equivalent to 1g streptomysin base). 

- Lysis buffer 

Tris (base)          0.121 g   

EDTA (disodium salt-pH8) 4 ml of 0.5M 

NaCl                 1.168 g 
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Triton X-100      200 µl 

Complete with distilled H2O till 100 ml 

- NaCl  (4M) 

NaCl                1.168 g   

Distilled H2O  5 ml 

- Tris-EDTA (TE) buffer (pH7.4) 

Tris(base)        0.121 g 

EDTA (disodium salt) 0.0372 g 

Complete with distilled H2O till 100 ml  

- Proteinase K         > 30.0 U/mg 

- Loading buffer 

Bromophenol       0.5 g 

100 ml distilled H2O 

- 50X tris-Na acetate-EDTA (TAE)  buffer (pH8) 

Tris (base)          242 g 

Na acetate          57.1 g 

EDTA (0.5M)   100  ml  
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Complete with distilled H2O till 1000ml   

- Ethidium bomide stock solution (protect from light) 

Ethidium bromide 50 mg 

100ml distilled H2O 

- 1% agarose gel (prepare just before use) 

Agarose            0.5 g 

TAE buffer (1X) 50 ml 

Ethidium bromide 7 µl 

Heat till melting 

 

Procedure: 

1- Fresh Ehrlich tumor cells were diluted under aseptic 

conditions (ultraviolet laminar flow system), one to ten 

using complete RBMI media. One ml was added for each 

well. 

2- One ml of 10
7
 suspended spleenocytes in media was taken 

and added for each well. 

3- Incubate for 24 hrs at 37 °c. 
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4- After incubation cells were pelleted by centrifugation in 

Eppendorf tubes (1,500 rpm, 5 min) and the media was 

discarded. 

5- 800 µl lysis solution was added for each tube containing 

10
5
 cells (Ehrlich tumor cells+spleenocytes) and mixed 

well. 

6- 10 µl proteinase K was added for each sample. 

7- The tubes were incubated at 37 °C for 1.5 hrs. 

8- The tubes were centrifuged at 14,000 rpm for 5 min. 

9- 400 µl of supernatant was transferred to another tube. 

10- 400 µl of isopropanol was added and mixed well.  

11- 20 µl of 4M NaCl was added and mixed well and then 

incubated at -20 °C overnight. 

12- Samples were centrifuged at 14,000 rpm for 5 min. 

13- The supernatant was decanted and the resulting precipitate 

was washed with 70 % ethyl alcohol. 

14- Samples were centrifuged at 14,000 rpm for 5 min. 

15- The supernatant was decanted and the tubes were left to 

dry at room temperature (pure DNA). 
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16- In order to run the electrophoresis, the DNA was resolved 

in 50 µl TE buffer. 

17- 5 µl of DNA samples were mixed with 5 µl of loading 

buffer. 

18- 10 µl of each sample was loaded to each well of a standard 

1 % agarose gel containing ethidium bromide. Appropriate 

DNA molecular weight marker was included. Ethidium 

bromide is a potential carcinogen, so gloves were wearied 

and handled with care.  

19- The electrophoresis run in 1X TAE buffer after setting the 

voltage. During electrophoresis the migration of samples 

was monitored by following the migration of bromophenol 

blue dye contained in loading buffer.  

20- The electrophoresis was stopped when the dye reaches 

about 3cm from the end of the gel.  

21- To visualize DNA, the gel was placed on a UV 

transilluminator and photos of the gel were taken. 
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Instruments Used in the Practical Part: 

1- Counting chamber (haemocytometer). 

2- Automatic pipettes. 

3- Hand counter. 

4- Sterile tubes (5 ml). 

5- Centrifuge tubes. 

6- 24-well plates. 

7- Laminar flow hood. 

8- 37 °c incubator. 

9- Sterile pipettes. 

10- 96-well plate. 

11- ELISA reader (Dynatech MR 5000, UK). 

12- Electric digital balance (Shimadzu; Type Ay 220, Japan). 

13- pH meter (Jenway, UK). 

14- Cooling Centrifuge (Memmert, MLW), Model: K23, 

max speed 20,000 rpm, GDR). 

15- Centrifuge (Janetzki, Model: T 30, GDR). 

16- Binocular light microscope (Olympus BH, USA). 

17- Spectrophotometer (Helios, UV/ Visible, UK). 
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18- Shaker incubator (Lab-Line instruments, Inc., USA). 

19- Sorvall Dupon centrifuge (USA). 

20- Biometra vertical minigel (8.6×7.7) (Germany). 

21- Power supply (Hoefer Scientific Instruments, 500 V, 400 

mA, 200 W, USA). 
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Statistical Analysis 

Statistical analysis was performed by using Duncan's 

multiple range test in SAS "Statistical Analysis System", 1988. 

The results were presented as means ±Standard error. 

1- Arithmetic Mean ( )Χ : 

n

ΣΧ
=Χ                   

Where: 

ΣX = sum of individual values of the variant. 

n = number of values or observations. 

2- Standard deviation (SD): 

( )

1

2
2

−

ΧΣ
−ΧΣ

=
n

nSD               

Where:  

2

ΧΣ  = sum of the square of observations. 

( )2ΧΣ = square of the sum of observations. 

n-1= number of observations minus one, representing the degree of 

freedom (df) for the sample. 
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3- Standard Error (SE):  

n

SD
SE =  

Where: 

n  = square root of the number of values. 

4- Percentage of Change: 

This is the ratio between the experimental and control 

values, calculated in percent as the following equation. 

100%
2

21 ×
Χ

Χ−Χ
=Change

 

Where: 

1Χ : The arithmetic mean of individual values of the variant. 

2Χ : The arithmetic mean of individual values of the control. 

5- Multiple comparisons by one way analysis of variance 

(ANOVA) [least significant difference test (LSD)]: 

The treated groups along with their respective control 

group were inter compared using the LSD test from the equation. 
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n

S
tLSD

22
=  

Where: 

t value is calculated from the statistical table . 

s
2
 = the error mean square in the ANOVA table. 

n = number of observations in each group. 

ANOVA test measures two variables: 

MSDW: Mean Square Difference within the group itself. 

MSDB: Mean Square Difference between the groups. 

6-Kaplan-Meier Product-Limit Estimator: 

S(t) = jt= 1 [(n-j)/(n-j+1)] ( j )  

Where: 

S(t) = the estimated survival function. 

n= the total number of cases. 

= the multiplication (geometric sum) across all cases less than or 

equal to t. 

(j) = constant that is either 1 if the j'th case is uncensored 

(complete), and 0 if it is censored. 
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RESULTS 

 

The present study aimed to investigate tumor irradiated 

cells as a type of vaccine against viable Ehrlich tumor cells. To 

fulfil this study, survival and tumor volume were calculated; 

lymphocyte count was investigated. Lactate dehydrogenase was 

assayed in serum, while MTT, granzyme B and DNA 

fragmentation were assayed by using spleen cells. The samples 

were collected from two classes: first, vaccinated class, where 

mice were vaccinated with 10
7 

irradiated Ehrlich tumor 

cells/mouse at dose level 60 Gy three times with one week apart 

then seven days after the last injection; immunized mice were 

challenged with 2.5×10
5 

viable cells/mouse. In second, 

therapeutic class, mice were injected with 2.5×10
5 

viable tumor 

cells/mouse then after a week, mice were immunized with 10
7
 

irradiated Ehrlich tumor cells/mouse 3 times with one week apart. 

The effect of immunomodulator (Echinacea purpurea) alone or 

injected with the irradiated Ehrlich tumor cells was also 

determined. 
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Tumor formation: 

Figure (16) Represents tumor in thigh of mouse from control 

group, where the mean tumor volume is equal to 2710.32 

mm
3
. 

Figure (17-a) shows thigh of mouse vaccinated with irradiated 

tumor cells before challenge with viable Ehrlich tumor 

cells, there was no tumor formed and the thigh appears like 

that of normal mice with mean volume equal to 106.47 

mm
3   

in the day 14 from challenge
 
. 

 Figure (17-b) shows the formation of tumor in 2 of 15 mice 

from group of mice vaccinated with Echinacea purpurea 

before challenge with viable Ehrlich tumor cells, while the 

others appear with no tumor formation; the mean tumor 

volume is equal to 373.97 mm
3 

in the day 14 from 

challenge.  

Figure (17-c) represents thigh from group of mice vaccinated 

with irradiated tumor cells+Echinacea purpurea before 

challenge with viable Ehrlich tumor cells. There was no 

tumor formation and the thigh appears like that of normal 
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with mean volume equal to 106.73 mm
3 
in the day 14 from 

challenge. 

Figure (18-a) shows tumor formation in thigh from group of 

mice treated with irradiated tumor cells after challenge 

with viable Ehrlich tumor cells. The mean tumor volume is 

equal to 4410.3 mm
3 
in the last day of observation after 3

rd 

immunization.  

Figure (18-b) represents tumor formation in thigh from group of 

mice treated with Echinacea purpurea after challenge with 

viable Ehrlich tumor cells. The mean tumor volume is 

equal to 4950.1 mm
3
 in the last day of observation after 3

rd 

immunization.  

Figure (18-c) represents tumor formation in thigh from group of 

mice treated with irradiated tumor cells+Echinacea 

purpurea after challenge with viable Ehrlich tumor cells. 

The mean tumor volume is equal to 3323.7 mm
3
 in the last 

day of observation after 3
rd 

immunization.  
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Fig. (16): Tumor in thigh of mice injected with viable Ehrlich 

tumor cells. 
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(a) (b) 

 

(c) 

Fig. (17): Tumor formation in vaccinated class: (a) Thigh taken from 

group of mice vaccinated with irradiated tumor cells before 

challenge with viable Ehrlich tumor cells. (b) Tumor in thigh 

taken from group of mice vaccinated with Echinacea 

purpurea before challenge with viable Ehrlich tumor cells. (c) 

Thigh taken from group of mice vaccinated with irradiated 

tumor cells+Echinacea purpurea before challenge with 

Ehrlich tumor cells. 
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(a) (b) 

 

(c) 

Fig. (18): Tumor formation in therapeutic class: (a) Tumor in thigh taken 

from group of mice treated with irradiated tumor cells after 

challenge with viable Ehrlich tumor cells. (b) Tumor in thigh 

taken from group of mice treated with Echinacea purpurea after 

challenge with viable Ehrlich tumor cells. (c) Tumor in thigh 

taken from group of mice treated with irradiated tumor 

cells+Echinacea purpurea after challenge with viable Ehrlich 

tumor cells.  
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Tumor volume: 

Table (2) and Fig. (19) show the documented observations 

of tumor volume growth for vaccinated class which was observed 

beginning from the appearance of tumor in control group after 

two weeks from challenge with viable Ehrlich tumor cells. The 

observations were carried out every 4 days till the sacrifice of 

mice. It is noticed that in vaccinated class, there is no change in 

tumor volume for both groups of mice vaccinated with irradiated 

tumor cells (G2), and vaccinated with irradiated tumor 

cells+immunomodulator (G4) before challenge with viable 

Ehrlich tumor cells, while for the mice group vaccinated with 

immunomodulator before challenge with viable Ehrlich tumor 

cells (G3), there is an increase in tumor volume which is equal to 

373.97 mm
3
 but less than that of control group (G1) which is 

equal to 2710.32 mm
3
. 

Table (3) and Fig. (20) point to the increase in tumor 

volume growth for therapeutic class during 1
st
, 2

nd
, and 3

rd
 

immunizations. During 1
st
 immunization and 2

nd
 there is an 

increase in tumor volume in all the groups but it is greater for 

mice group injected with immunomodulator after challenge with 

viable Ehrlich tumor cells (G3) group than that of both groups of 
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mice injected with irradiated tumor cells (G2), and injected with 

irradiated tumor cells+immunomodulator (G4) after challenge 

with viable Ehrlich tumor cells. For 3
rd

 immunization the 

increase in tumor volume is equal to 11046.0, 4410.3, 4950.1 and 

3323.7 mm
3
 for G1, G2, G3 and G4 groups respectively. 
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Table (2): Mean tumor volume (mm
3
) for vaccinated class 

after inoculation of viable Ehrlich tumor cells. 

Days after bulb formation in control 

Groups 
Zero time 4

th 
day 10

th
 day 14

th
 day 

G1 1449.32 2767.28 2712.70 2710.32 

G2 106.47 106.47 106.47 106.47 

G3 120.73 196.79 279.32 373.97 

G4 106.47 106.73 106.73 106.47 

 

G1 : Group of mice injected with viable Ehrlich tumor cells (control 

group). 

G2 : Group of mice vaccinated with irradiated tumor cells before  

   challenge with viable Ehrlich tumor cells. 

G3 : Group of mice vaccinated with immunomodulator before challenge  

   with viable Ehrlich tumor cells. 

G4 :  Group of mice vaccinated with irradiated tumor cells+  

   immunomodulator before challenge with viable Ehrlich tumor cells. 

Zero time: Beginning of bulb formation in control group. 
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Fig. (19): Mean tumor volume (mm
3
) for vaccinated class 

after inoculation of viable Ehrlich tumor cells. 

G1 : Group of mice injected with viable Ehrlich tumor cells. 

G2 : Group of mice vaccinated with irradiated tumor cells  

   before challenge with viable Ehrlich tumor cells. 

G3 : Group of mice vaccinated with immunomodulator  

   before challenge with viable Ehrlich tumor cells. 

G4 : Group of mice vaccinated with irradiated tumor cells+  

   immunomodulator before challenge with viable Ehrlich  

   tumor cells. 
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Fig. (20): Mean tumor volume (mm
3
) for therapeutic class 

during 1
st
, 2

nd
 and 3

rd
 immunizations. 

G1 : Group of mice injected with viable Ehrlich tumor cells. 

G2 : Group of mice injected with irradiated tumor cells after  

   challenge with viable Ehrlich tumor cells. 

G3 : Group of mice injected with immunomodulator after  

   challenge with viable Ehrlich tumor cells. 

G4 : Group of mice injected with irradiated tumor cells+  

`   immunomodculator after challenge with viable Ehrlich  

   tumor cells. 
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Table (4) and Fig. (21) represent the percent inhibition in 

tumor volume of mice of vaccinated class, for the G2, and G4 

groups, the inhibition is equal to 100 % compared to G1 group, 

for G3 group the percent inhibition is equal to 89.9 compared to 

G1 group. The three treatments for G2, G3 and G4 groups 

revealed high significant (p<0.001) regression in tumor growth in 

comparison to control group. 

From table (5) and Fig. (22) it is clear that percent 

inhibition in tumor volume of mice of G2 group which belongs to 

the therapeutic class, is equal to 58.4 % compared to the control 

group, while for G3 group the inhibition is equal to 36.9 % 

compared to G1 group. For the G4 group, the percent inhibition 

is equal to 57.5 compared to G1 group. The two treatments for 

G2 and G4 groups show moderate significant (p<0.05) regression 

in tumor volume compared to control group. 

Table (6) and Fig. (23) show the difference in percent 

inhibition between vaccinated class and therapeutic class, where 

for vaccinated class, in G2 and G4 groups, there is no tumor 

formation while for G3, the  inhibition is equal to 89.9 % which 

is higher than the percent inhibition in tumor volume of G3 group 

in the therapeutic class which is equal to 36.9.  
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Table (4): Percent inhibition in tumor volume (mm
3
) of 

vaccinated class. 

Groups G1 G2 G3 G4 

Mean*±S.D. 2409.90±640.93 106.47±0.0 242.61±109.0 106.72±0.0 

% inhibition - 100 89.9 100 

P < vs. G1  --- 0.001 0.001 0.001 

P < vs. G2 0.001  --- N.S. N.S. 

P < vs. G3 0.001  N.S.  --- N.S. 

 

Legends as table (2). 

Mean*: the mean value of the four readings for each group in the table (2). 

(p<0.001): High significant. 

(p<0.01): Significant. 

(p<0.05): Moderate significant. 
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Fig. (21): Percent inhibition in tumor volume (mm
3
) of 

vaccinated class. 

Legends as Fig. (19). 

 

 

 

 

 

G1 



 

 

 

 

 120 

����    ResultsResultsResultsResults    

    

Table (5): Percent  inhibition in tumor volume (mm
3
) of 

therapeutic class. 

Groups G1 G2 G3 G4 

Mean*±S.D. 3628.64±3732.3 1508.60±1349.0 2288.02±1624.4 1540.43±967.2 

% 

inhibition 
- 58.4 36.9 57.5 

P < vs. G1 ---  0.05 N.S. 0.05 

P < vs. G2 0.05  ----  N.S. N.S. 

P < vs. G3 N.S.  N.S. ----  N.S. 

 

Legends as table (3).  

Mean*: The mean value of the 12 readings in table (3).  

(p<0.001): High significant. 

(p<0.01): Significant. 

(p<0.05): Moderate significant. 
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Fig (22): Percent inhibition in tumor volume (mm
3
) of 

therapeutic class. 

Legends as Fig. (20). 
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Table (6): Comparing percent inhibition in tumor volume 

(mm
3
) of vaccinated and therapeutic classes. 

Group 
% inhibition for 

vaccinated class 

% inhibition for 

therapeutic class 

G2 100 58.4 

G3 89.9 36.9 

G4 100 57.5 

 

G2 :  Group of mice injected with irradiated tumor cells before/after  

   challenge with viable Ehrlich tumor cells. 

G3 : Group of mice injected with immunomodulator before/after  

   challenge with viable Ehrlich tumor cells.  

G4 : Group of mice injected with irradiated tumor cells+  

   immunomodulator before/after challenge with viable Ehrlich  

   tumor cells. 
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Fig (23): Comparing percent inhibition in tumor volume 

(mm
3
) of vaccinated and therapeutic classes. 

               G2: Group of mice injected with irradited tumor cells before/  

   after challenge with viable Ehrlich tumor cells. 

G3 : Group of mice injected with immunomodulator before/   

   after challenge with viable Ehrlich tumor cells. 

G4 : Group of mice injected with irradiated tumor cells+  

   immunomodulator before/after challenge with viable  

   Ehrlich tumor cells.  

 

 

 

G1 



 

 

 

 

 124 

����    ResultsResultsResultsResults    

    

Observations of survival: 

Survival of mice of vaccinated class was observed for two 

weeks after challenge; the obtained data was tabulated in Table 

(7) and Fig. (24), where for the control group (G1), the percent 

survival is equal to 100, 100, 85 and 62, while for all vaccinated 

groups (G2, G3, and G4) there is no change in percent survival 

(all mice were alive). 

Table (8) and Fig. (25) represent percent survival in mice 

of therapeutic class, where the survival of mice was observed for 

4 weeks from the first week of immunization till the end of the 

experiment. For the control group (G1), the percent survival is 

equal to 100, 100, 100, 100, 100, 100, 100,100, 62, 62, 38, and 

38; meanwhile for G2, percent survival is equal to 100, 100, 100, 

100, 100, 100, 100, 100, 100, 100,100, and 85. For G3, percent 

survival is equal to 100, 100, 100, 100, 100, 100, 100, 100,100, 

85, 62, and 62, while for G4 there is no change in percent 

survival.  
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Table (7): Percent survival of vaccinated class. 

Days Zero time 4
th 

day 10
th

 day 14
th

 day 

G1 100 100 85 62 

G2 100 100 100 100 

G3 100 100 100 100 

G4 100 100 100 100 

 

Legends as table (2). 
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Fig. (24): Kaplan-Meier plot for survival probability (%) of 

vaccinated class. 

Legend as Fig. (19). 
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Fig. (25): Kaplan-Meier plot for survival probability (%) of 

therapeutic class. 

Legends as Fig. (20). 
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Lymphocyte count: 

From Table (9) and Fig. (26), it is clear that there is 

significant increase in percent change in lymphocyte count in 

blood of different groups of vaccinated class. One way ANOVA 

analysis showed that there is significant increase in lymphocyte 

count in G2, G3, and G4 groups with percent change equal to 

162.1, 66.8 and 170.4 respectively, compared to the control 

group. For normal group the percent change in lymphocyte count 

is equal to 164.5. The two treatments for G2 and G4 groups 

showed high significant (p<0.001) increase in lymphocyte count 

compared to the control group. 

Table (10) and Fig. (27) show that there is significant 

increase in percent of change in lymphocyte count in blood of 

different groups of therapeutic class. There is significant increase 

in lymphocyte count in G2, G3, and G4 groups with percent 

change equal to 127.1, 52.6 and 124.4  respectively, compared to 

the control group. For normal group the percent change is equal 

to 136.1. The two treatments for G2 and G4 groups indicates 

high significant (p<0.001) increase in lymphocyte count 

compared to the control group. 
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The difference in lymphocyte count in blood between 

vaccinated class and therapeutic class is documented in table (11) 

and Fig (28), where the three groups of the vaccinated class: G3, 

G4, and G5 showed an elevation in percent change of 

lymphocyte count compared to those of the therapeutic class. 
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Table (9): Percent change in lymphocyte count (cell/ml) in 

blood of vaccinated class. 

Groups G1 G2 G3 G4 N 

Mean±S.D. 1285.00±210.7 3368.00±786.5 2143.30±807.2 3475.30±388.3 3399.00±368.9 

%  

Change 
- 162.1 66.8 170.4 164.5 

P < vs. G1 ---  0.001 0.05 0.001 0.001 

P < vs. G2 0.001  ---- 0.01 N.S. N.S. 

P < vs. G3 0.05 0.01 ---  0.001 0.01 

 

Legends as table (2). 

N: Normal group of mice.  

(p<0.001): High significant. 

(p<0.01): Significant. 

(p<0.05): Moderate significant. 
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Fig. (26): Percent change in lymphocyte count (cell/ml) in 

blood of vaccinated class. 

Legends as Fig. (19). 

N: Normal group of mice.  
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Table (10): Percent change in lymphocyte count (cell/ml) in 

blood of therapeutic class. 

Groups G1 G2 G3 G4 N 

Mean±S.D. 1439.70±359.7 3269.30±702.3 2197.00±422.7 3230.50±579.3 3399.00±368.9  

%  

Change 
- 127.1 52.6 124.4 136.1 

P < vs. G1  --- 0.001 0.05 0.001 0.001 

P < vs. G2  0.001 ---  0.01 N.S. N.S. 

P < vs. G3 0.05 0.01 ---  0.01 0.001 

 

Legends as table (3). 

N: Normal group of mice.  

(p<0.001): High significant. 

(p<0.01): Significant. 

(p<0.05): Moderate significant. 
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Fig (27): Percent change in lymphocyte count (cell/ml) in 

blood of therapeutic class. 

Legends as Fig. (20). 

N: Normal group of mice. 
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Table (11): Comparing percent change in lymphocyte count 

(cell/ml) in blood of vaccinated and therapeutic 

classes. 

Groups 
% change for 

vaccinated group 

% change for 

therapeutic group 

G2 162.1 127.1 

G3 66.8 52.6 

G4 170.4 124.4 

N 164.5 136.1 

 

Legends as table (6). 
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Fig. (28): Comparing percent change in lymphocyte count 

(cell/ml) in blood of vaccinated and therapeutic 

classes. 

Legends as Fig. 23. 
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Lactate dehydrogenase (LDH): 

Table (12) and Fig. (29) represent percent change in LDH 

activity in serum of vaccinated class. Where according to one 

way ANOVA, there is significant increase in LDH activity in G1, 

group, while the increase in LDH activity in G2, G3 and G4 

groups is non significant compared to the normal group. The 

percent change is equal to 1404.8, 17.3, 81.1 and 3.0 for G1, G2, 

G3 and G4 respectively. There is significant decrease (p<0.001) 

in LDH activity in serum of G2, G3 and G4 compared to the 

control group.   

From Table (13) and Fig. (30), it is clear that there is 

significant decrease in LDH activity in serum of G2 and G4 

groups of the therapeutic class compared to the control group. 

According to Duncan, there is significant increase in LDH 

activity of G1, G2 and G4 groups with percent change equal to 

1364.8, 980.5 and 940.1 respectively, compared to normal group. 

Meanwhile the decrease in LDH activity for G3 group is non 

significant compared to the control group.  
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The percent change in LDH activity in serum of both 

vaccinated and therapeutic groups is documented in Table (14) 

and Fig. (31), where there is a significant decrease in the LDH 

activity of the three groups of vaccinated class (G2, G3, and G4 

groups) compared to those of the therapeutic class. 
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Table (12): Percent change in LDH activity (U/L) in serum of 

vaccinated class. 

Groups G1 G2 G3 G4 N 

Mean±S.D. 201.04±37.4 15.67±6.5 24.20±9.5 13.76±4.2 13.36±2.3 

% change 1404.8 17.3 81.1 3.0 - 

P < vs. G1 ---  0.001 0.001 0.001 0.001 

P < vs. G2 0.001   --- N.S. N.S. N.S. 

P < vs. G3 0.001  N.S. ---  N.S. N.S. 

 

Ligands as table (2). 

N: Normal group of mice.  

(p<0.001): High significant. 

(p<0.01): Significant. 

(p<0.05): Moderate significant. 
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Fig. (29): Percent change in LDH activity (U/L) in serum of 

vaccinated class. 

Ligands as Fig. (19). 

N: Normal group of mice. 
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Table (13): Percent change in LDH activity (U/L) in serum of 

therapeutic class. 

Groups G1 G2 G3 G4 N 

Mean±S.D. 195.70±44.4 144.36±18.7 171.34±43.3 138.96±38.1 13.36±2.3 

% change 1364.8 980.5 1182.5 940.1 - 

P < vs. G1  --- 0.05 N.S. 0.01 0.001 

P < vs. G2 0.05  ---  N.S. N.S. 0.001 

P < vs. G3 N.S.  N.S. ---  N.S. 0.001 

 

Ligands as table (3). 

N: Normal group of mice. 

(p<0.001): High significant. 

(p<0.01): Significant. 

(p<0.05): Moderate significant. 
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Fig. (30): Percent change in LDH activity (U/L) in serum of 

therapeutic class. 

Ligands as Fig. (20). 

N: Normal group of mice. 
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Table (14): Comparing percent change in LDH activity (U/L) 

in serum of vaccinated and therapeutic classes. 

Groups 
% change for 

vaccinated group 

% change for 

therapeutic group 

G1 
1404.8 1364.8 

G2 17.3 980.5 

G3 81.1 1182.5 

G4 3.0 940.1 

 

Ligands as table (6). 
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Fig. (31): Comparing percent change in LDH activity (U/L) 

in serum of vaccinated and therapeutic classes. 

Ligands as Fig. (23). 
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MTT viability assay: 

Table (15) and Fig. (32) show the percent apoptosis in 

vaccinated class. It is clear that there is significant (P<0.001) 

increase in percent apoptosis in G2, G3, and G4 groups equal to 

71.3, 44.3, and 73.7 respectively, compared to the control group.  

From Table (16) and Fig. (33), it is clear that there is 

significant increase in apoptosis in G2, G3 and G4 groups of the 

therapeutic class equal to 33.1, 27.6, and 44.5 % respectively 

compared to the control group. The treatment with irradiated 

tumor cells+immunomodulator (G4) groups led to significant 

(p<0.01) increase in percent apoptosis compared to the control 

group. The increase in percent apoptosis for G2 and G3 groups is 

non significant compared to the control group 

Table (17) and Fig. (34) represent difference in        

percent apoptosis in vaccinated and therapeutic classes,              

the three groups of vaccinated class showed increase in                  

percent apoptosis than those of  the therapeutic class. 
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Table (15): Percent apoptosis of tumor cells in mice of 

vaccinated class. 

Groups G1 G2 G3 G4 

Mean 

viability±S.D. 
100±10.9 28.70±8.6 55.70±11.1 26.30±3.1 

% apoptosis - 71.3 44.3 73.7 

P  < vs. G1  --- 0.001 0.001 0.001 

P  < vs. G2 0.001  ---  0.001 N.S. 

P  < vs. G3 0.001 0.001 --- 0.001 

 

Legends as table (2). 

(p<0.001): High significant. 

(p<0.01): Significant. 

(p<0.05): Moderate significant. 
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Fig. (32): Percent apoptosis of tumor cells in mice of 

vaccinated class. 

Legends as Fig. (19)  
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Table (16): Percent apoptosis of tumor cells in mice of 

therapeutic class. 

Groups G1 G2 G3 G4 

Mean 

viability±S.D. 
100±10.9 66.9±6.3 72.4±7.6 55.5±6.4 

 % apoptosis - 33.1 27.6 44.5 

P < vs. G1  --- N.S N.S 0.01 

P  < vs. G2 N.S. ---  N.S. 0.05 

P  < vs. G3 N.S. N.S.  --- 0.01 

 

Ligands as table (3). 

(p<0.001): High significant. 

(p<0.01): Significant. 

(p<0.05): Moderate significant. 
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Fig. (33): Percent apoptosis of tumor cells in mice of 

therapeutic class. 

Legends as Fig. (20). 
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Table (17): Comparing percent apoptosis of tumor cells in 

mice of vaccinated and therapeutic classes. 

Groups 

% apoptosis of tumor 

cells for vaccinated 

group 

% apoptosis of tumor 

cells for therapeutic 

group 

G2 71.3 33.1 

G3 44.3 27.6 

G4 73.7 44.5 

 

Ligands as table (6). 
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Fig. (34): Comparing percent apoptosis of tumor cells in mice 

of vaccinated and therapeutic classes. 

Legends as Fig. (23). 
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Asp-ase assay for granzyme B enzyme activity in 

spleenocytes: 

Table (19) and Fig. (36) show high significant increase 

(p<0.001)  in granzyme B activity of G2 and G4 groups with 

percent change equal to 565.9 and 687.2 respectively, compared 

to the control group. While for G3 group the percent change is 

equal to 231.9 compared to the control group.  The decrease in 

granzyme B activity for normal group is non significant 

compared to the control group, the percent change equal to -44.7.  

Table (20) and Fig. (37) represent percent change in 

granzyme B activity of therapeutic class. There is significant 

increase in granzyme B activity of G2, G3, and G4 groups with 

percent change equal to 219.14, 121.2, and 453.2 respectively, 

compared to the control group.  

Table (21) and Fig. (38) represent the difference in percent 

change in granzyme B activity between the groups of the 

vaccinated class and therapeutic class. For the three groups of 

vaccinated class, there is an increase in percent change in 

granzyme B activity than those of the therapeutic class.   
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    Table (18): Standard curve for p-Nitro aniline (nmol). 

O.D. 0.015 0.016 0.017 0.018 0.019 

p NA (nmol) 1 2 5 10 15 

 

 

Fig. (35): Standard curve for pNA (nmol). 
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Table (19): Percent change in granzyme B activity (U/ml) in 

spleenocytes of vaccinated class.  

Groups G1 G2 G3 G4 N 

Mean±S.D. 0.047±0.02 0.313±0.07 0.156±0.03 0.37±0.08 0.026±0.01 

%  

 Change 
- 565.9 231.9 687.2 -44.7 

P < vs. G1  --- 0.001 0.01 0.001 N.S. 

P < vs. G2  0.001 ---  0.001 N.S. 0.001 

P < vs. G3 0.01 0.001 ---  0.001 0.001 

 

Legends as table (2).  

N: Normal group of mice. 

(p<0.001): High significant. 

(p<0.01): Significant. 

(p<0.05): Moderate significant. 
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Fig. (36): Percent change in granzyme B activity (U/ml) in 

spleenocytes of vaccinated class. 

 Legends as Fig. (19) 

N: Normal group of mice. 
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Table (20): Percent change in granzyme B activity (U/ml) in 

spleenocyte of therapeutic class. 

Groups G1 G2 G3 G4 N 

Mean±S.D. 0.047±0.02 0.15±0.04 0.104±0.04 0.26±0.04 0.026±0.004 

%  

 Change 
- 219.14 121.3 453.2 -44.7 

P < vs. G1  --- 0.001 0.01 0.001 N.S. 

P < vs. G2  0.001  --- 0.05 0.001 0.001 

P < vs. G3 0.01 0.05  --- 0.001 0.001 

 

Legends as table (3). 

N: Normal group of mice. 

(p<0.001): High significant. 

(p<0.01): Significant. 

(p<0.05): Moderate significant. 
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Fig. (37): Percent change in granzyme B activity (U/ml) in 

spleenocytes of therapeutic class. 

Ligands as Fig. (20). 

N: Normal group of mice. 
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Table (21): Comparing percent change in granzyme B 

activity (U/ml) in spleenocytes of vaccinated and 

therapeutic classes. 

Group 
% of change for 

vaccinated group 

% of change for 

therapeutic group 

G2 565.9 219.14 

G3 231.9 121.2 

G4 687.2 453.2 

 

Legends as table (6). 
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Fig. (38): Comparing percent change in granzyme B activity 

(U/ml) in spleenocytes of vaccinated and 

therapeutic classes. 

Legends as Fig. (23). 
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DNA fragmentation: 

Figure (39) represents the gel electrophoresis for Ehrlich 

tumor cells cultered with spleenocytes of different mice groups. 

The fragmentation of target cell DNA into nucleosomal particles 

was not detected in lane 2 and lane 3, only intact DNA was 

observed for both groups, as the lymphocytes in the spleen was 

not activated. Cellular DNA from Ehrlich tumor cell line is 

fragmented into discrete bands of approximate multiples of 200 

bp for lane 4, lane 5, lane 6, lane 7, lane 8 and lane 9, suggesting 

a processive mechanism of degradation into nucleosome core 

particles. This pattern of   DNA fragmentation is characteristic of 

a distinct mode of cell death, namely apoptosis. Decreasing 

amount of intact DNA was seen for lane 6 and lane 9, where 

much of the target cell DNA migrated as discrete bands. 
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Fig. (39): Gel electrophoresis of target cells DNA (Ehrlich tumor cells 
DNA). Standard DNA (Lane 1). Lane 2 to Lane 9 represents 

cellular DNA of target Ehrlich tumor cells cultured with 

spleenocytes of different groups. 

Lane 2:  Mice group injected with viable Ehrlich tumor cells. 

Lane 3: Normal mice group. 

Lane 4: Mice group vaccinated with immunomodulator before 

challenge with viable Ehrlich tumor cells. 

Lane 5: Mice group vaccinated with irradiated Ehrlich tumor 

cells before challenge with viable Ehrlich tumor cells. 

Lane 6: Mice group vaccinated with irradiated tumor cells+ 

immunomodulator before challenge with viable Ehrlich 

tumor cells. 

Lane 7: Mice group treated with immunomodulator after 

challenge with viable Ehrlich tumor cells. 

Lane 8:  Mice group treated with irradiated Ehrlich tumor cells 

after challenge with viable Ehrlich tumor cells. 

Lane 9: Mice group treated with irradiated tumor cells+ 

immunomodulator after challenge with viable tumor cells. 

2          3        4        5        6         7        8         9 
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DISCUSSSIONDISCUSSSIONDISCUSSSIONDISCUSSSION    

Cancer is one of the three leading causes of death in 

industrialized nations. Cancers are caused by the progressive 

growth of the progeny of a single transformed cell. Therefore, 

curing cancer requires that all the malignant cells be removed or 

destroyed without killing the patient. An attractive way to 

achieve this would be to induce an immune response against the 

tumor that would discriminate between the cells of the tumor and 

their normal cell counterparts (Janeway et al., 2001). 

The concept of active immunotherapy of cancer is                

based on the theory that tumor cells escape detection and 

destruction by the host's immune system through various 

strategies: deficient tumor antigen processing and presentation, 

lack of immune costimulation, production of inhibitory factors  

by tumor cells, and insufficient helper activity from CD4 cells. 

One method of inducing the immune system to recognize and 

destroy cancer cells is cancer vaccination. Cancer vaccine 

attempts to facilitate the presentation of tumor antigens to the 

immune system; typically, in conjunction with factors that 

augment immune system activation, generating cellular and 

humoral antitumor activity (Shariat et al., 2000). The vaccines 
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should comprise a source of tumor-associated antigen, which 

may be provided in the form of primary tumor cells, tumor cell 

lines or tumor extracts prepared from the subject (Hiserodt et al., 

2007). 

The current study aims to investigate an antitumor vaccine 

from irradiated Ehrlich tumor cells and immunomodulator as an 

adjuvant. This vaccine was applied pre-tumor inoculation as a 

vaccine or post-tumor inoculation as a therapy. 

It was previously evidenced that, an immunological 

response resulting from administration of the vaccine may 

comprise both humoral and cellular components, but a cellular 

response is especially preferred. Cellular immunity (either 

cytotoxic lymphocytes, or helper-inducer cells recruiting other 

effector mechanisms) are believed to be important in providing a 

specific effect against the cells of the target neoplasia (Hiserodt 

et al., 2007). 

The parameters that were conducted in the present study 

fulfilled the objective of enhancement of immune system as a 

defensive mechanism against tumor inoculation. Survival, tumor 

size, haematological study, apoptosis indices (MTT viability 

assay, granzyme B enzyme activity, DNA fragmentation) as well 
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as the tumor marker LDH were evaluated as a reflection of the 

efficacy of the investigated antitumor vaccine. 

In the present study, different radiation doses levels were 

first examined to detect the most preferable dose for irradiation 

of the Ehrlich tumor cells in order to prepare the vaccine. The 

Ehrlich tumor cells were irradiated with gamma rays at absorbed 

dose levels of 60, 80, and 100 Gy, it was found that for absorbed 

dose level 60 Gy, 80% of the cells are viable. By injecting these 

irradiated cells in thigh of mice, no tumor formation was 

observed reflecting that the Ehrlich tumor cells are viable but not 

proliferating, so absorbed dose 60 Gy was preferred to be used in 

this study. 

Baurèus-Koch et al., (2004) studied irradiation of                

human glioma cells with 
137

Cs-γ rays at absorbed dose levels 0, 

20, 40, 60, 80, 100 and 120 Gy, and found that absorbed                  

dose level of 100 Gy is recommended for irradiation of 2×10
6
 

glioma cells used for clinical immunization, where administered 

cells are viable enough to produce interferon-γ but not able to 

proliferate. 

In the present study, 10
7
 of irradiated Ehrlich tumor cells at 

dose level 60 Gy were injected either before or after tumor 
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formation. In accordance with this respect Hanna et al., (1996), 

had comprises cellular vaccines in cancer immunotherapy,              

they found that tumor antigen may be provided in the form                   

of primary tumor cell from the subject. Also they claimed a 

method for treating carcinoma to prevent recurrence of 

metastases after comprising surgically removing the tumor. They 

dispersed the cells with collagenase before irradiating the cells 

and vaccinating the patient with at least three consecutive doses 

of about 10
7
 cells. 

Vaccination of patients with metastatic prostate cancer 

with irradiated, autologous prostate cancer cells, modified ex vivo 

lead to production of high levels of GM-CSF. The                  

vaccine was administered subcutaneously in to the limbs with 

dose level 1×10
7
 and 5×10

7
 cells. Vaccination was repeated                          

every two weeks until exhaustion of the vaccine supply,            

yielding between 3 and 6 vaccination cycles (Simons, et al., 

1999).  

Hiserodt et al., (2007) invented an immunogenic 

composition consisting of irradiated tumor cells and cytokine 

producing cells, with the objective of stimulating a systemic 

reactivity against the tumor. The reactivity may in turn eradicate 

or slow the development of tumor cells, either at the primary site, 
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within metastases (if there are any), or both. Tumor cells were 

irradiated with at least about 5,000 cGy, more preferably at least 

about 10,000 cGy, even more preferably at least about         

20,000 cGy. Effective dose typically fall within the range of 

about 10
5
 to 10

10 
cells, including cytokine producing cells, and 

tumor cells. 

Haspel et al., (2009) suggested that irradiation of 10
7
 

colon tumor cells at dose level of about 150,000-20,000 rads of 

gamma radiation rendered the tumor cells sterile and non-

tumourigenic. They measured at least 80% viability in the 

irradiated colon tumor cells. They used a pharmaceutically 

acceptable carrier for intradermal injection.  

The present vaccine relates generally to the fields of 

cellular immunology and cancer therapy. More specifically, it 

relates to the generation of an anti-tumor immune response                   

by administrating a cellular vaccine. The objective of the             

present study was to develop a new immunotherapy strategy 

where the invented vaccine comprises a source of tumor-

associated antigen. 

The advantages of the vaccine composition of this study 

including the following:   
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• The preparation can be used as a vaccine so it can detect 

tumor cells poorly immunogenic. 

• The cells used in the composition of the preparation are 

of minimal proliferation capacity. 

• This strategy is aimed to generate a long-lived systemic 

immune response. 

• The capability to administer the vaccine at a site distant 

from the primary tumor, preferably with minimal 

invasiveness. 

The vaccine administration at a location distant from the 

original tumor is with the objective of stimulating a systemic 

reactivity against tumor. The reactivity may in turn eradicate or 

slow the development of tumor cells, either at the primary site, 

within metastases (if there are any), or both (Hiserodt, et al., 

2007). 

In the present study, mice were vaccinated with irradiated 

Ehrlich tumor cells at dose of 10
7
 cells three successive weeks 

then mice were challenged with 2.5×10
5
 viable Ehrlich tumor 

cells. The obtained data revealed that for vaccinated class, in 

groups G2 (irradiated cells vaccinated group) and G4 (irradiated 

cells+immunomodulator vaccinated group) no tumor was formed 
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while in G3 (immunomodulator vaccinated group) there is 

significant decrease in mean of tumor size compared to positive 

control group (mice group inoculated with viable Ehrlich tumor 

cells (G1)).  

For therapeutic group, mice were injected with 2.5×10
5
 

viable Ehrlich tumor cells then after tumor formation mice were 

injected with 10
7 
irradiated Ehrlich tumor cells/mouse three times 

with one week apart. There was significant decrease in mean of 

tumor volume of the irradiated cells treated group (G2), and 

irradiated cells+immunomodulator treated group (G4) compared 

to the positive control group, while there was non significant 

difference between immunomodulator injected group (G3) and 

positive control group. 

In the present study, survival record showed that, no 

mortality in the three vaccinated groups (G2, G3, and G4) was 

recorded, meanwhile for the therapeutic class the percent of 

survival was equal to 85% and 62% for G2 and G3 respectively. 

While for G4 group there was no mortality. 

The obtained results clearly reflect the efficacy of the 

prepared tumor irradiated vaccine in inhibition of tumor growth 

to a significant extent. Prolongation of life span and elevation of 
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percent of survival are highly significant detected in vaccinated 

preinculating tumor mice and also in the fourth group of 

therapeutic postinculating tumor mice. The results are going on 

with the aimed objective of the study.    

Lymphocytes are the major carriers of cell-mediated 

immune mechanisms, and lymphocyte level is an index of 

cellular immune competence (Burnet, 1969). 

In the present study, the lymphocyte count showed 

significant increase in both vaccinated and therapeutic classes 

compared to the control group.  On the other hand, G2 and G4 

groups showed non significant decrease in lymphocyte count 

compared to the normal group. 

Both CD8
+
 and CD4

+
 T cells play a critical role in tumor 

rejection or in inhibition of tumor growth (Boon et al, 1994). 

CD4
+
 T cells participate through the activation and maintenance 

of CD8
+
 T cells and the recruitment of inflammatory cells such 

as macrophages, granulocytes, natural killer (NK) cells, and B 

cells (Velders et al., 2003). The cytolytic activity of CD8
+
 T 

cells exerts a direct anti-tumor effect (Kershaw et al., 1995).  
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It was argued that CD8
+
, natural killer, and CD4

+ 
cells are 

important for protective antitumor effect generated by irradiated 

tumor cells-based vaccines expressing Hsp70 (Chang et al., 

2007).   

Moore and Gerner (1970) reported that the possible 

therapeutic effect of infusing large amount of cultured 

lymphocytes into patients with untreatable cancer. Riesco (1970) 

found a positive significant correlation between 5-year curability 

of cancer and the total number of peripheral lymphocytes among 

589 patients with cancers of the uterine cervix, breast and other 

sites. Redd et al., (1992) developed cytotoxic T lymphocytes 

specific for an allogeneic brain tumor in rats. The lymphocytes 

were specific for a determinant expressed only by the tumor, and 

were predicted to be useful for therapeutic purposes in vivo for 

adoptive immunotherapy of brain tumors.   

In this respect Mayer et al., (1970) found that, in patients 

with mammary cancer, the lymphocyte level tends to increase in 

patients whom metastases regress during hormonal therapy. On 

the other hand, there was a consistent drop in the lymphocyte 

count in those whom the disease progresses. Their finding 

implies that the fall in lymphocyte level may mean an imperfect 
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cellular-immune defence and could be an important indicator of 

prognosis in the natural history of human cancer. 

The same objective was conducted by Pendergrast et al., 

(1971) who found that peripheral lymphocyte counts of              

patients who responded to immunization with tumor homogenate 

increased while those of patients who failed to respond decreased. 

Tumor markers are frequently used in the management of 

cancer patients especially for determination of the extent of the 

disease and monitorization of response to therapy. Tumor 

markers are substances usually of peptide nature secreted by 

tumor cells. These substances are normally absent in serum, since 

they are not secreted by normal cells or are secreted in very small 

amounts (Coskun et al., 2005). 

In the present study, for the vaccinated class, the LDH 

activity is an indicator for absence of tumor, while for therapeutic 

class it is an indicator of relapse of tumor and response to therapy. 

For the vaccinated class: all the groups (G2, G3, and G4) 

showed significant decrease (p<0.001) in LDH activity compared 

to the positive control group. 
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For the therapeutic group: both G2 and G4 groups showed 

significant decrease in LDH activity, whereas the decrease in 

LDH activity in G3 is non significant compared to the positive 

control group.  

The present results is in accordance with Anderson et al., 

(1974) and Arseneau et al., (1975) who reported that the serum 

LDH level is proportional to tumor bulk and predicts prognosis 

in African and American Burkitt′s lymphoma patients. 

It was claimed that serum LDH level is a prognostic factor 

in different malignancies as its increase reflects tumor mass and 

response to therapy. Serum LDH is the consequence of the 

disruption of the cell membrane of a large fraction of dividing 

malignant cells whose metabolic hallmark is anaerobic glycolysis 

that leads to increased LDH enzyme activity. Moreover, 

spontaneous LDH release from cells represents a measure of cell 

membrane damage (Konjevic, et al., 2002). 

The serum level of an ideal marker should increase 

pathologically in the presence of a neoplasm (high sensitivity), 

not increase in the absence of neoplasm (high specificity), relate 

to tumor burden and metastatic spread, and change in accordance 
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with the clinical evolution, reflecting the current status of disease 

(Coskun, et al., 2005). 

Walenta et al., (1997) reported a correlation of high 

lactate levels in primary tumors of head and neck with a high risk 

of metastatic spread.   

Association between serum LDH levels and metastatic 

spread in patients with Ewing's sarcoma was reported. Brereton 

et al., (1975) used LDH level to analyze responses to therapy in 

Ewing′s patients treated with differing regimens. Lactate 

dehydrogenase levels are also of value in patients with testicular 

cancer (Boyle and Samuels, 1977). Walenta et al., (2000) 

studied patients with metastatic spread of carcinomas of the 

uterine cervix and of head and neck cancers; they found that 

survival probabilities of patients having low tumor lactate values 

were significantly higher compared with patients with high tumor 

lactate concentrations. 

In lymphoma, the relationship between pretreatment LDH 

levels and therapeutic results indicated that serum levels of LDH 

can provide a useful parameter of disease activity and prognosis 

in a group of diffuse histiocytic lymphomas patients (Schneider 

et al., 1980). 
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In a study about the antitumor response induced by a 

vaccine of dendritic cells fused with autologous tumor cells, it 

was proved that T-cell mediated antitumor responses were 

measured by LDH release for lysis of autologous tumor cells 

(Zhou et al., 2007). 

LDH was reported to be an indicator for liver metastases, 

with a respective sensitivity and specificity of 95% and 83% in 

stage II patients, and 87% and 57% in stage III patients (Finck et 

al., 1983). Patients with abnormal LDH levels had a significantly 

decreased survival (Campora et al., 1988). LDH might serve as 

a prognostic factor in late-stage malignant melanoma and 

identified, by multiple logistic regression analysis, as the only 

statistically significant marker for disease progression 

(Deichmann et al., 1999). 

In the present study, the MTT- colorimetric spleenocytes 

mediated cytotoxicity assay was evaluated using Ehrlich tumor 

cells.  

For the vaccinated class: there is significant increase in 

percent apoptosis of Ehrlich tumor cells in G2, G3 and G4 

groups compared to control group.  
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For the therapeutic class: there was significant increase 

(P<0.01) in percent apoptosis of tumor cells in G4 group while 

the increase in percent apoptosis in G2 and G3 was non 

significant compared to the control group.   

van de Loosdrecht et al., (1994) found that the MTT 

based monocyte mediated cytotoxicity assay should be useful for 

studying the susceptibility of a variety of lukemic cells from cell 

lines and from patients with acute myeloid leukemia (AML) to 

monocyte in a rapid, sensitive and semi-automated manner.  

Shpakova et al., (2000) adapted a test system for 

evaluating the cytotoxicity of human natural killer cells (NK) 

towards tumor targets K-562 in vitro. The method is based on the 

capacity of mitochondrial enzymes of viable cells to reduce the 

yellow soluble salt MTT to a purple-blue insoluble formasane 

precipitate which is quantified spectrophotometrically after 

dissolution in an organic solvent. The amount of MTT-formasane 

production is directly proportionate to the count of viable cells.   

One of the major contact-dependent mechanisms used by 

cytotoxic lymphocytes to induce target-cell death is the granule 

exocytosis pathway (Henkart, 1994). In this pathway granzyme 

B with perforin are contained in the cytolytic granule of the CTL. 
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Upon engagement of the target cell, the CTL secretes the 

contents of its cytolytic granules into the microenvironment of 

the target cell (Darmon et al., 1999). Granzyme B enters the 

target cell by receptor mediated endocytosis independently of 

perforin, however, perforin is required to initiate granzyme B-

mediated apoptosis (Pinkoski et al., 1998 and Shi et al., 1997). 

Granzyme B is then brought into contact with cytoplasmic 

substrates, notably caspase-3, as part of the activation of the 

apoptotic program. In addition to cytoplasmic apoptotic events 

involving caspase activation, there is growing body of evidence 

suggesting a role of granzyme B in nuclear apoptosis (Pinkoski 

et al., 1996; Trapani et al., 1996; Trapani et al., 1998). 

The current study revealed significant fragmentation of 

DNA in all treated groups (vaccinated and therapeutic classes). 

The reported increase in GrB activity is highly correlated with 

the obtained fragmentation. The results may lead to a clear claim 

that the significant release of GrB from stimulated lymphocytes 

is the main cause of apoptosis and DNA fragmentation of the 

tumor cells.  

Packard, et al., (2007) study used a newly developed cell-

permeable fluorogenic GrB substrate to measure the protease 
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activity in three different living targets following contact with 

cytotoxic effectors. 

In the present study, granzyme B activity was measured             

by ELISA using granzyme B substrate specificity for                   

Asp-ase. Where the amino acid sequence of the substrate used            

is N-Acetyl-Asp-Glu-Val-Asp-p-Nitro-aniline. The increase in 

granzyme B activity is an indicator for increase in lymphocytes 

activity and increase in apoptosis of tumor cells. 

For both vaccinated and therapeutic classes granzyme B 

exhibited significant elevation in the G2, G3 and G4 groups 

compared with positive control group. 

The increasing of the enzyme activity in the vaccinated 

class is more than that in therapeutic class. This elucidates the 

increase in percent apoptosis of tumor cells in vaccinated class 

compared to the therapeutic one. 

Increased expression of GrB in the tumor 

microenvironment of oral cavity squamous cell carcinoma and in 

lymph nodes may have beneficial effect against neoplastic cells, 

contributing to apoptosis of these cells and increased survival of 

patients (Costa et al., 2010).  
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The expression of GrB in the tumor microenvironment has 

been considered a favourable prognostic factor in several types of 

human cancers (Costa et al., 2010).  

Granzyme B and perforin induce CTL-mediated target cell 

DNA fragmentation and apoptosis. Once released from the CTL, 

granzyme B binds its receptor, the mannose-6-phosphate/insulin-

like growth factor II receptor, and is endocytosed but remains 

arrested in endocytic vesicles until released by perforin. Once in 

the cytosol, granzyme B targets caspase-3 directly or indirectly 

through the mitochondria, initiating the caspase cascade to DNA 

fragmentation and apoptosis (Lord, et al., 2003). 

Within minutes of exposure of target cells to cytotoxic T 

lymphocytes, their nuclear DNA begins to be fragmented. DNA 

fragmentation occurs only when appropriately sensitized 

cytotoxic T cells are used and is not merely a result of cell death 

because killing of target cells by heating, freeze/thawing, or 

lysing with antibody and complement did not yield DNA 

fragments (Duke, et al., 1983). 

A key discovery came from Shi et al., (1992), which 

showed that granzyme B and perforin induced rapid DNA 

fragmentation in target cells. In addition, transfection of the rat 
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basophilic cell line (RBL) with perforin and granzyme B 

rendered the RBL capable of cytolytic activity (Nakajima, et al., 

1995). Heusel, et al., 1994 reported that  Granzyme B knockout 

cells further confirmed a role of granzyme B in the rapid 

induction of DNA fragmentation observed in target cell lysis. 

From these findings, it appeared that the granule components, 

perforin and granzyme B were required in order to mediate CTL 

killing. In the revised model of CTL killing, polymerization and 

insertion of perforin in the target cell membrane formed pores 

through which granzyme B pass and activate substrates, 

culminating in DNA fragmentation and apoptotic cell death 

(Lord, et al., 2003). 

Trapani (1995) accumulated evidence that perforin and 

serine proteases synergistically trigger an endogenous pathway of 

programmed cell death that results in dissolution of the nuclear 

membrane, chromatin condensation and DNA fragmentation. 

These changes are secondary to inappropriate activation of p34, a 

kinase whose activation and migration from the cytoplasm to the 

nucleus normally controls a cell′s entry into mitosis. 

Vermijlen et al., (2002) examined the capacity of isolated, 

pure rate hepatic NK cells to kill the splenic/blood NK-resistant 

mastocytoma cell line P815. Cell death was observed and 
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quantified by florescence and transmission electron microscopy, 

DNA fragmentation and 
51

Cr release.     

In the present study, the use of immunomodulator 

Echinacea as an adjuvant added significant results in the course 

of vaccination. It was found that daily dietary administration of 

Echinacea purpurea root extract to normal mice for a short time 

as 1 week resulted in significant elevations of natural-killer (NK) 

cells, also it was found that this herb has a therapeutic potential 

with respect to leukemia (Currier and Miller, 2001). This study 

is in agreement with Chicca et al., (2008) who found that 

compounds isolated from n-hexane extracts of E. pallida roots 

have a direct cytotoxicity on cancer cells. Miller (2005) also 

reported that daily consumption of Echinacea is indeed 

prophylactic, extends the life span of aging mice, significantly 

abates leukemia and extends the life span of leukemic mice.   



  

  

  

  

  

  

 

    

    
            Summary     Summary     Summary     Summary         

    

    



 

 

 

 

 181 

����    SummarySummarySummarySummary    

    

SUMMARYSUMMARYSUMMARYSUMMARY    

 

Cancer is a major cause of death worldwide. Radiotherapy 

and chemotherapy also affect normal cells and results in side 

effects that limit treatment. The rapid increase in knowledge of 

the immune system and its regulation has led to a resurgence of 

interest in immunological approaches as a target to eliminate 

cancer. 

Irradiated Ehrlich tumor cells as a vaccine stimulus to the 

immune system alone or concurrent with immunomodulator 

(Echinacea purpurea root extract) were injected in mice before 

and after injection of viable Ehrlich tumor cells.  

This study aimed to investigate the efficiency of the 

prepared vaccine in immunotherapy against tumor cells. To fulfil 

this aim, survival and tumor size were calculated, lymphocytes 

count was investigated in blood. LDH was assayed in serum, 

while MTT cytotoxicity, granzyme B, and DNA fragmentation 

were assayed by using spleen cells. 

The samples were collected from two classes, first, 

vaccinated class, where mice were vaccinated with 10
7
 irradiated 
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tumor cells/mouse (at dose level of 60 Gy) three times with one 

week apart, then seven days after the last injection immunized 

mice were challenged with 2.5×10
5
 viable Ehrlich tumor 

cells/mouse. Second, therapeutic class, mice were injected with 

2.5×10
5
 viable Ehrlich tumor cells/mouse then after a week, mice 

were immunized with 10
7 

irradiated Ehrlich tumor cells/mouse 

(at dose level 60Gy), three times interval for 3 weeks. The effect 

of immunomodulator (Echinacea purpurea) alone or injected 

with irradiated tumor cells was also determined. Mice were 

injected with 0.6mg of immunomodulator/mouse daily for the 

first week of immunization.  

In order to fulfil the target of this study, a total of 120 

female swiss albino mice weighing 22-25g were used. They were 

divided into two classes, vaccinated and therapeutic, each class 

was divided into 4 groups, and each group consists of 15 mice. 

Vaccinated class, group, (1) mice injected with viable 

Ehrlich tumor cells, control group (G1),  group (2) mice 

vaccinated with irradiated tumor cells (G2), group (3) mice 

vaccinated with immunomodulator (Echinacea purpurea) (G3), 

and group (4) mice vaccinated with irradiated tumor 

cells+immunomodulator (Echinacea purpurea)  (G4).  
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Therapeutic class, group, (1) mice injected with viable 

Ehrlich tumor cells, control group (G1), group (2) mice treated 

with irradiated tumor cells (G2), group (3) mice treated with 

immunomodulator (Echinacea purpurea) (G3), group (4) mice 

treated with irradiated tumor cells+immunomodulator 

(Echinacea purpurea) (G4). 

Results obtained from this study demonstrated that, there 

was no tumor formation in thigh of mice group vaccinated with 

irradiated tumor cells alone or concurrent with immunomodulator 

(G2 and G4 groups) of vaccinated class after two weeks of 

challenge. There was tumor formation in 2 of 15 mice vaccinated 

with immunomodulator (G3 group) of vaccinated class. For the 

therapeutic class, there was tumor formation in all groups but 

with volume less than that of control group after two weeks of 

the last immunization.  

 Percent survival was 100 % for vaccinated class, while for 

therapeutic class, there was a decrease in percent survival of G2 

and G3 groups and no change was observed in G4 group. 
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Hematological study:  

This study recorded an increase in lymphocyte count in the 

mice groups of both vaccinated and therapeutic classes compared 

to the control group.  

Also, there was an elevation in lymphocyte count in mice 

groups of vaccinated class compared to the groups of therapeutic 

class. 

Lactate dehydrogenase (LDH) assay:  

The results of this study revealed that there was significant 

decrease in LDH activity in all groups of vaccinated class and in 

the (G2 and G4) of therapeutic class compared to the control 

group.  

The decrease in LDH activity for vaccinated class was 

more obvious than that of therapeutic class, revealing clear 

indication for the efficacy of vaccination.  

MTT viability assay: 

This study showed that there was significant increase in 

percent apoptosis of tumor cells cultured with spleenocytes of all 
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groups of vaccinated class and G4 group of therapeutic class 

compared to the control group.  

On the other hand, the increase in percent apoptosis of 

tumor cells cultured with spleenocytes of G4 group of vaccinated 

class was greater than that of G4 group of therapeutic class.  

Asp-ase assay for granzyme B enzyme activity: 

Results of this study showed that there was significant 

increase in granzyme B activity for all groups of both vaccinated 

class and therapeutic class compared to the control group. 

The increase in granzyme B activity was greater in the 

groups of vaccinated class compared to that in the therapeutic 

class groups. 

DNA fragmentation: 

Cellular DNA from Ehrlich tumor cell line cultured with 

spleenocytes of each group was fragmented into discrete bands of 

approximate multiples of 200 bp for the groups of both 

vaccinated and therapeutic classes. Decreasing amount of intact 

DNA was seen for Ehrlich tumor cells cultered with spleenocytes 

of mice group vaccinated with irradiated Ehrlich tumor cells 



 

 

 

 

 186 

����    SummarySummarySummarySummary    

    

before challenge with viable Ehrlich tumor cells and also for that 

cultured with spleenocytes of mice group vaccinated with 

irradiated tumor cells+immunomodulator before challenge with 

viable Ehrkich tumor cells, where much of the target cell DNA 

migrated as discrete bands. 
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CONCLUSIONCONCLUSIONCONCLUSIONCONCLUSIONSSSS    

 

The use of irradiated Ehrlich tumor cells as vaccine against 

inoculation of the same tumor line had correlated tightly with the 

enhancement of immune system in the course of prevention and 

therapy of tumor in mice. 

The data revealed that the effector cells, cytotoxic 

lymphocytes released from bone marrow induced cytotoxicity 

upon Ehrlich tumor cells leading to significant apoptosis of 

tumor cells.    

The study proved that vaccination protocol may prevent or 

at least prolongs life span of tumor bearing animals. 

The applied vaccination protocol induced release of the 

apoptotic manipulating enzyme (granzyme B) from the 

stimulated lymphocytes which in turn enhanced the cascade of 

apoptotic mechanisms leading finally to apoptosis and DNA 

fragmentation of tumor cells. 

Finally, it could be concluded that immunization using 

irradiated tumor cells is an effective approach in cancer 
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immunotherapy. It is obvious that the use of immunomodulator, 

Echinacea purpurea root extract, as an adjuvant synergistically 

with irradiated tumor cells as an antigen up regulates the 

mechanism of enhancing immune system. 

This study needs further and advanced investigations in 

this field. 
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 ٤

  ا���
	 ا�����  �

    

س�W�4 آ%@�ول ��!�k ٳ �cرة ١٥( ��ث ا
�SNان ٳ �8 ١٣٥)$�W ا
4راس* 

!8 ٢٥-٢٢ �8 أ��f ا
�SNان ب�زن H١٢٠	� و ت� ت)  ب4ون أى �����تS� �
 ا
SN* ،ج� ٳ

�
  . ح8H ا
��Hح آ��جو ب;� *  ح8H ا
��Hح آ+�!� و ا
SN* ا
��f! و ب;�اaو

�ت�� أر��إو ���� آ� ��� ���� ، م �� ��  .ة �(ر١٥ و &%$�ي آ� م ��

  :ا�-�� ا,و��

 ����* ب����  �,$�'* ا
�SNان ا
.�ب+*)١(ا�� ��H�� ح!*ٳ و P
��.  

 ���'* ��Sان ��$W ب���� اaورام ا
$��O*)٢(ا�� ��$,� .  

 ���'* ��Sان ��$W ب�
 )٣(ا�� ��$,��'�@$
خ�Q* جJور ���ت (  $�4ل ا

  .)خ!@!	!�ٳ

 ���'* ��Sان ��$W ب���� اaورام ا
$��O*)٤(ا�� ��$,� +�'�@$
  .ا
$�4ل ا

*!��f
  :ا
SN* ا

 ����* ب����  �,$�'* ا
�SNان ا
.�ب+*)١(ا�� ��H�� ح!*ٳ و P
��.  

 ��
,W ب���� اaورام ا
$��O*)٢(ا�� ����'* ��Sان '$,� .  

 ��
,W ب�
$�4ل ا
$@�'�)٣(ا�� ���خ�Q* جJور ���ت (  �,$�'* ��Sان '

  .)خ!@!	!�ٳ

 ��
,W ب���� أورام ���O*)٤(ا�� ����'* ��Sان '$,�  + �'�@$
  .ا
$�4ل ا

�(q ه� Wذو =4 أوض� *'�$,$
I ا
4راس* '4م ت%�ن ورم �� ��J ا
�SNان �8 ا

��* �L اH�� دة أو�N@� *��O$

$�4ل ا
$@�'� �8 ا
SN* اaو
�ا
$+�$* ب���� اaورام ا    

M!N�

��SNان ا
$+�$* ب�
$�4ل ا
$@�'� ا
$@4رج* ،و ذ
Z ب�4 أس��'!8 �8 ا *�	@
 أ�� ب�



 

 

  

 

 ٥

  ا���
	 ا�����  �

    


�SN* ا
��f!* . ة�cر ١٥!8 �8 ت
@sN ا
4H� *SN ت%�ن ورم �� �cر *�	@
�رم �� ،ب�
 �4H ت%�ن ا

�'* ا
.�ب+*$,$
�'�ت و 
%8 ب�,� أ=R �8 ا$,$
خ� 3و ذ
Z ب�4 أس��'!8 �8  ج$!L ا

8!U��
 و =4 أu;�ت ا
SN* ا
�UH� *!��fن ،٪ �١٠٠	�* ا
��Hء 
�SN* اaو
� آ��W . ج�'* 

 *�	� �� �!vاب�* ��� �?;� ت�
�'* ا$,$

f* أ�� ا�f
�'* ا
��f!* و ا$,$�
�� �	�* ا
��Hء 

  .ا
��Hء

�(q ز��دة �� : 6�4ه4��&���دراس� @
�'�ت ا
�N$ *SNو��! ا
�'4دأوض�W ا$,$
ت 

 *!��f
�'�ت ا
SN* ا$,$
 Z
Jو آ �
�'* ا
.�ب+*��Hر�*اaو$,$
  . ب�

�'�ت ا
SN* اaو
� ��Hر�* ! ا
�'4دو =4 أu;�ت ا
4راس* ز��دة �� $,$
$�Nو��ت 

*!��f
  .ب$,$�'�ت ا
SN* ا

���Nض واضw ٳأu;�ت ��(q هIJ ا
4راس* : 4A>�4@$�4 دی?84رو6ا�<ا=>ی; ٳ&89ی� 

�O� ٳ ط����Mد� ا� W!
�آV8 !;!4رو!'�$,$

Z �� اJو آ �
�'�ت ا
SN* اaو$,� �� M!@

�'* ا
.�ب+*ب ��Hر�*ا
��f!* و ا
�اب�* $,$
�.  


� ا���Mٳ  ��Oط���Nضإو آ�ن  M!@Vد�;!4رو W!ا
SN* اaو
� ��  أآ�f وض�ح�آ

'*!��f
  .�?;�ا ��'�!* ا
+�!� 8 ا
SN* ا

��� &MTT  :�,
ب*  وج�د ارت�Nع واضw �� �	�* خ��� اaورام أu;�ت هIJ ا

L� *'روM$
* ا!$	$
�'* ب �8 �,$�'�ت ا
SN* اaو
� ��Hر�* 
%Rخ��� ا
+��ل   ا$,$
�

�'* ا
�اب�* . ا
.�ب+*$,$

�SN* ا
4H� *!��f أu;�ت ا *�	@
رت�Nع واضw �� �	�* ٳأ�� ب�

����
�'* ا
.�ب+*هIJ ا$,$
  . ��Hر�* ب�



 

 

  

 

 ٦

  ا���
	 ا�����  �

    

 Wو =4 أوض�  L� *'روM$
* ا!$	$
ا
4راس* ز��دة �� �	�* خ��� اaورام ا

�'* ا
�اب�* 
�SN* اaو
� ��Hر�* �L ت�Z ا
$Mر$,$
�'* وخ��� ���ل ا$,$
'* �L ا

*!��f
  .ا
�اب�* 
�SN* ا

�ط &89ی�D=ا� �ا=>ی; ب  :�,
�(q ز��دة واض�* �� ��Oط ا@
ب ���M اأوض�W ا

�$,$
!�H� 8ر�* ب�SN
  .'* ا
.�ب+*ب%R �8 ا

 Wطز��دةو آ���O�  8' �
 ا
,����M ب أآ�f وض�ح� �� �,$�'�ت ا
SN* اaو

*!��f
�'�ت ا
SN* ا$,�.  

��وىت,Mأ:    & >أة ا�8=@
�ي 
���� اaورام "د��"  ا
�$] ا��

P ا
$@Mر'* �L �ٳ ا�

 8�  *�UN@� z+� �
�'* ا$,� R%
;� ٢٠٠خ��� ا
+��ل N'�.� 4ة /@�(!* و'�= 

,$
8!SN
�ي 
���� أورام "د��"���Nض �� إو =4 )�ه4 . $�'�ت ا	

P ا
�!* �ٳ ا�

�'* ا
�SNان ا
$+�$* ب���� ا$,$

Z �#ا
$@Mر'* �L خ��� ا
+��ل Jو آ *��O$

P ا�

�'* ا
�SNان ا
$+�$* ب���� اaورام $,$

�Z ا
���� ا
$@Mر'* �L خ��� ا
+��ل 

*��O$
;�4* آ@+z "د��" �Mح أآ��f*  ح! ،ا
$�4ل ا
$@�'� + ا	$
�ي 
����� ا��
 ا

*�UN@�.  

و =4 أ/�W ا
4راس* أن ا
+�!� ب��Hح خ��� اaورام ا
$��O* ه� ت@�ول �0/� 
�M�M ا
,;�ز    


H}}�ح 	!�!}}خ!@ٳس}}�4ام خ�Q}}* ج}}Jور ��}}�ت ٳا
$@}}�'� ض}}4 خ��}}� اaورام ا
�!}}* و أن  L{{� 

 *��O$

�,	��MN ا
,;�ز ا
$�خ��� اaورام ا k'�@. 

 



 

 

  

 

 ١

   ا	���ا	������  �

    

    ص العربىص العربىص العربىص العربىستخلستخلستخلستخلاملاملاملامل

 

�� ا���ج ���� ���� أورام ا  ����إ����ف ه	� ا��را�� � ��$ �#"�ي 

�� ا�,% 0 ح�'�� "'/�دة أو ",+ا"'� "* ح�� "��ل "'�&%����7 6	ور ن�4ت ( ا�12

9��ٳ�'��C ذ��$ ا���� و �#ا�/�Aان �?اء =4> أو ��� ا�,�/�+ ���� ���� أورام ان�ث ٳ  :%)�

إح�Hء  ،ح0E ا�?رم ،� ا��را�� 21> &�د ا�/�Aان ا����ذه. E��ز ا�2'�&%�,�+�+ ا�

�+ :% "H> ا��م�آ,�K د����روJا�� ن+�0ٳ ،ا�2I/�و��ت :% ا��م'،  <�I� MTT �& �4�ا�2

���,�Mام ���� �R "دن�"ا��P2 ا�'?وى  و أ���ا E+أة  ،�6ان+�0 ب ،&�د ا����M ا��

9�0  .ا���Sل� 0�� ن�ثٳ "� ١٢٠,A: %ان ٳ��A/ا�،  �A/0 و ا���S,ح آ��Iو�% ح�� ا�Xا �A/ا�

9�0 آ> :�A ا�% أر�* "2E?&�ت. ا��Yن�� ح�� ا���Iح آ��ج� 0ا�2E2?&� اXو�% 0  ،و =� 

���� ،ح�'�� ����M أورام ح�0 ح�'�� ����M اXورام ا�12 ��ا�2E2?&�  ،ا�2E2?&� ا��Yن

2��ل ا�2'�&%��� K'ح� �Y��Yا ،ا� ���ا�2��ل + �2E2?&� ا��ا��� ح�'���M� K اXورام ا�12

  . ا�2'�&%

2/�و��ت و ک	�C :% ن�1ط �ا�I ح�Hءإ ا��را�� ز��دة :% �ذو =� أو[�K ن,�ئ] ه

 ���M� ��'0 ح��� اXو�% و ا��Yن�� �����2رن� "* ا�2E2?&� ا�,% ,A/ان+�0 ب :% آ� ا��Eا�

��  .اXورام ا��

�آ,�K د����روJا�� ن�1ط  :�نM/�ضٳو `��  %: C�	و�% و کXا �A/ا� %: +�'

���� ا��Yن�� و ا��ا��� ��A/I ا��Yن,&?2E2ه'�ك و ،ا� Kورام آ�نXز��دة :% ن�49 ���� ا 

 �&?2E2و�� �����2رن� "* ا�Xا �A/2?&�ت ا�E" �" ل��Sا�2+رو&� "* ���� ا� �,�ا�2,92

����$ �إ ا�IM?ي ����M اXورام "دن�"و =� أ`��   .ا�,% 0 ح�'�� ����M اXورام ا��



 

 

  

 

 ٢

   ا	���ا	������  �

    

 �" �IH/'" cSأة ا�% ن+E ٢٠٠ا�2+رو&� "* ���� ا���Sل "� "dI,M ا�2E2?&�ت 

��,/&�e" و ��  .=�&�ة �'�ئ

       ��fgg" ول�gg' ?ggه ���1gg2ورام ا�Xا �gg��� ح�gg�I� 0�gg�S,أن ا� �ggا��را� Kgg,4�أ �gg= و

��+�+ ا�E��ز ا�2'�&% [� ���� اXورام ا��,��. 



 

 

  
 

 

  


� وا�����������ا ا���دة ا�����ة ا���� إ�� أ���� ����"ش�اف وه   :  
  

   ناديه حممد عبد اهللا /الدكتورة

                  .0%� ش)/  ���-$- آ,%$ ا�-,�م-أ���ذ ا�
%)%�ء ا�&%��$

   سهري عبد العظيم عثمان/الدكتورة

  . ه%:$ ا�9��$ ا��ر�$-��%� ا"ش-�ع ا�)�آ6 ا����5 �4&�ث و�
��2-أ���ذ ا�
%)%�ء ا�&%��$
  

  .فاطمة فرج عبد احلميد/  الدكتورة

�-$ 0%� ش)/- آ,%$ ا�-,�م-أ���ذ ا�
%)%�ء ا�&%��$�� .  
  

� ����ث - ��� ���ث �������
 ا���
ع - و ��� ا�����
ء ا��������� ا�� آ� ا�
  .  ه�&� ا�%
�� ا�$ر��-و"�!�����
 ا���
ع


��� 0�1 ��/-آ.�� ا��.�م-, ��� ا�����
ء ا������  آ�
 أ"��* �
�(�  ا� �.  
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�ر ا���� �>9;5 :  �ــــــــــــا3س �(&�  دا�%� 
   ا��2�ول ا�)�BC �,-=ج ا�)2�50 @��?�ام <=�� ا�ورام  :  1!�ان ا���6

  ا�)�--$                    
  9!� ا�� اف�


�ء ا��
	�� أ���ذ : ناديه حممد عبد اهللا.د.أ�

� ��� ��	م– ا�����غ ا��� .  


�ء ا��
	�� ���ذأ: سهري عبد العظيم عثمان .د.أ�

 � ا����� ا��ر�� ا��!".  


�ء ا��
	�� أ���ذ: فاطمة فرج عبد احلميد .د.أ�
  . ��	م �
� ���–ا��

�)�
  :�9!� ا��!

	 ا�����.أ� �
�ء ا��
	�� ا:د ���� ����

� و رئ
� ا���آ$ # أ���ذ ا����(�

�, ��+*�ئ� ا��(#ا���(-,�  .ا�.
� �����. د.أ��� ��� 	��� ����: ��	

�ء ا���
-آ�
� ا��1 ا�0
��ي-أ���ذ ا��

��	

�ء ا���
  .�7م)� ا�$��ز�5 و م�3ر ا��2+� ا�)��
� ا�.ائ�� ���


�ء ا��
	�� أ���ذ : ناديه حممد عبد اهللا.د.أ�
 . ��	م �
� ���– ا�����غ ا��


�ء ا��
	��ا�� ���ذأ:  سهري عبد العظيم عثمان.د.أ�

 � ا����� ا��ر�� !".  
 

E&4ا� Fا��را��ت ا�-,%�                     ٢٠١١   /    /       :   ��ر�  

   
� ا"��زة�>:   

  
 Fر���     ٢٠١١/    /      أ�%6ت ا�����$ 
$%,
�M,/ ا� $�Nا��           /   /  ٢٠١١  
$-��Mا� /,M� $�Nا��       /    /   ٢٠١١  

  



                                                                          

 

        خاليا األورام املشععةخاليا األورام املشععةخاليا األورام املشععةخاليا األورام املشععة    ستخدامستخدامستخدامستخدامباباباباالتناول املؤثر للعالج املناعي التناول املؤثر للعالج املناعي التناول املؤثر للعالج املناعي التناول املؤثر للعالج املناعي 
 

��� �����	 
�� ������ �����	 
�� ������ �����	 
�� ������ �����	 
�� ���        

 ا	�����ء ا	���ی� �� در�� ا	�������
  

  

� ��� �	���� ��� �	���� ��� �	���� ��� �	��� 

        داليا حممد بدر الدين مصطفيداليا حممد بدر الدين مصطفيداليا حممد بدر الدين مصطفيداليا حممد بدر الدين مصطفي
  )٢٠٠٠ا	�����ء ا	���ی�  / �م���	�ری�س ا	��(

   ��م�� $�# "�!-آ��� ا	���م

 
 

����� ������� ������� ������� ��        

 

        سهري عبد العظيم عثمانسهري عبد العظيم عثمانسهري عبد العظيم عثمانسهري عبد العظيم عثمان. . . . دددد....أأأأ
  أ��
ذ ا�����
ء ا������

 ا���
ع������� ���  

  ا��$آ" ا�!�م� ����ث و ت�������
 ا���
ع
 ه�)� ا�'
�� ا�&ر��

        نادية حممد عبد اهللانادية حممد عبد اهللانادية حممد عبد اهللانادية حممد عبد اهللا. . . . دددد....أأأأ
  ا�����
ء ا������ أ��
ذ


ء ا��������� ا�����  

م�� /�. ��--آ+�� ا��+�م�  

        فاطمة فرج عبد احلميدفاطمة فرج عبد احلميدفاطمة فرج عبد احلميدفاطمة فرج عبد احلميد. . . . دددد....أأأأ
  أ��
ذ ا�����
ء ا������
  ��� ا�����
ء ا������


م�� /�. ��--آ+�� ا��+�م�  
 

  

 

  

  '�& ا	�����ء ا	���ی�
  آ��� ا	���م

  ��م�� $�# "�!
٢٠١١ 


	01 English Cover
	02 Aya
	03 dedication
	04 List of contents
	05 AKNOWLEDGEMENT
	06 ABSTRACT
	07 LIST OF ABBREVIATIONS
	08 List of tables
	09 List of figuers
	10 introduction sep
	11 INTRODUCTION
	12 aim of the work sep
	13 AIM OF THE WORK
	14 Review of literature sep
	15 REVIEW OF LITERATURE
	16 Material and Methods sep
	17 MATERIAL & METHODS
	18 Results Sep
	19 Results
	20 Discussion sep
	21 Discussion
	22 Summary sep
	23 SUMMARY
	24 Conclusion Sep
	25 CONCLUSIONS
	26 References Sep
	27 REFERENCES
	28 Arabic Summary Sep
	29 الملخص العربي
	30 المستخلص العربي
	31 شكر ورسالة ماجستير
	32 Arabic Cover

