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 Background: Immunotherapy is one of the most promising 
approaches of cancer treatment. Objective: The present study was 
designed to examine the role of irradiated Ehrlich carcinoma cells 
(vaccine) and IFNα-2b as an immunomodulator in tumor 
regression. Ehrlich ascites carcinoma cells and 5 groups of female 
mice were used. DNA fragmentation and Caspase-3 (Cas-3) 
activity were identified in Ehrlich carcinoma from different 
vaccinated mice. Tumor size monitoring, TNF-α and CEA levels 
were evaluated. Oxidative stress and antioxidant markers, 
histopathological observations, apoptosis and necrosis in tumor 
tissues were examined. Results: The results obtained revealed 
significant inhibition in tumor size in female mice treated with 
vaccine or IFNα-2b either alone or combined. Cas-3 enzymes 
activities were significantly elevated in different immunized mice 
as compared with EC mice along with diminished tumor size. 
Great alterations in oxidative stress, antioxidant markers and 
apoptotic observations in tumor tissue were recognized after 
immunizations of mice bearing EC with vaccine and IFNα-2b 
either alone or in combined. Conclusion: The immunization 
action of irradiated Ehrlich carcinoma cells (vaccine) and 
immunomodulator IFNα-2b in tumor regression could be 
postulated. 
 

© 2014 Publisher All rights reserved. 

 

INTRODUCTION 
Cancer immunotherapy relies on the 

ability of the immune system to identify 

and destroy tumor cells and to elicit a 

long-lasting memory of this interaction. 

Under ordinary circumstances, however, 

the ability of tumor cells to trigger an 

effective immune response is limited [1]. 

Vaccines have been exceptionally effective 

against many diseases. In recent years, 

vaccination has been considered for other 

diseases, including cancer. Cancer 

vaccines can be categorized as preventive 

or therapeutic. The benefit of cancer 

treatment vaccines lies in their ability to 

"boost" the immune system response to 

cancer cells, which is generally low. Using 

vaccines in the treatment of cancer is 

relatively new, however, and chiefly 

experimental [2].  

Cancer vaccines are intended either to treat 

existing cancers (therapeutic vaccines) or 

to prevent the development of cancer 

(prophylactic vaccines). Both types of 

vaccines have the potential to reduce the 
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burden of cancer. Treatment or therapeutic 

vaccines are administered to cancer 

patients and are designed to strengthen the 

body's natural defenses against cancers 

that have already developed [3]. 

Vaccines used to treat cancers take 

advantage of the fact that certain 

molecules on the surface of cancer cells 

are either unique or more abundant than 

those found on normal or non-cancerous 

cells. These molecules, either proteins or 

carbohydrates, act as antigens, meaning 

that they can stimulate the immune system 

to make a specific immune response. 

Researchers hope that when a vaccine 

containing cancer-specific antigens is 

injected into a patient, these antigens will 

stimulate the immune system to attack 

cancer cells without harming normal cells 

[4]. 

IFNs are a family of natural glycoproteins 

and regulatory cytokines with pleiotropic 

cellular functions, such as 

immunomodulatory and antitumor activity 

[5].  

IFN- α was the main cytokine induced in 

the innate immune response directed 

against viral infection [6]. IFN-α has 

immunomodulatory properties [7,8] and  

have  at  least  14  subtypes  [9 and 10]. 

IFN-  α  is  rapidly  induced  with  a  high 

expression  level  and  secreted  into  the  

blood  circulation  in response  to  viral  

infection  in  many  types  of  cells,  and  

then binds  to  a  specific  cell  surface  

receptor  and  triggers intracellular  

reactions  that  lead  to  the  transcriptional 

induction  of  IFN-stimulated  genes  

(ISGs)  [11]. Marshall et al [12] reported 

that  the therapeutic effects  of  IFN-α  on  

tumor  cells  were  based  on  Sp1- and/or 

Sp3-mediated inhibition of VEGF 

transcription both in vivo and in vitro [5]. 

The present work was designed to study 

the antitumor immunity of irradiated tumor 

cells (vaccine) and/or Interferon alpha-2b 

(IFN-α-2B) in experimental murine tumor 

model. 
 

MATERIALS AND METHODS 

Gamma irradiation: 

The irradiation process was performed 

using Canadian Ceasium Gamma cell 

achieved by Egypt’s National Center for 

Radiation Research and Technology 

(NCRRT), Cairo. The Canadian Ceasium 

Gamma source is 
137

Cs irradiation source, 

model GC 40, manufactured by Nordion 

Company. The unit provides a mean for 

uniform Gamma irradiation of biological 

samples while providing complete 

protection for operating person. Tumor cell 

vaccine prepared by exposure of Ehrlich 

tumor cells to 8KGy of γ-radiation. 

Interferon alpha-2b (IFN-α-2B)  

IFN-α-2B was produced by Schering 

Plough brinny, Innishannon, Country 

Cork, Ireland wholly owned subsidiary of 

Schering-Plough Corporation/ U.S.A., and 

kindly provided by multi-pharma 

company, Egypt. 

Mice were subcutaneously injected with 

10.000 IU of IFN-α-2B 3 times/ week for 4 

weeks [13]. 

Vaccine preparation: 

Vaccine prepared from tumor cell: 

1. Ehrlich ascite carcinoma (EAC) cells 

were aspirated from the peritoneal cavity 

of EAC-bearing mice. 

2. Cell viability (cells suspension 1:5 (v: v) 

in 0.4% trypan blue) was measured by 

using hemocytometer. 

3. The count of cells was adjusted to 

2.5x10
5
/mm³.   

4. EAC tumor cells were irradiated with 

8KGy γ-radiation. 
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5. EAC cells were lysed according to 

method of Scchnurr et al [14] with 

modification. 

6. Cells were incubated with 0.01 % 

EDTA solution for 10 min.  

7. The cells were washed twice in PBS, 

and resuspended at a density of 5x10
6
/ml 

in serum-free medium (0.8 ml Na2HCo3 

and 1ml of streptomycin–penicillin 

antibiotics in 100 ml of RPMI 1640 

media). 

8. The cell suspensions were frozen at -

80°C and disrupted by four freeze-thaw 

cycles. 

9. For the removal of crude debris, the 

vaccine was centrifuged for 10 min at 

300Xg. 

10. The mice were injected weekly by 0.2 

μl of cell vaccine (supernatant)   in the 

right thigh for three successive weeks. 

B- Vaccination protocol: 

i.   Mice were immunized intramuscularly 

(i.m) by tumor cell vaccine weekly for 3 

weeks in the right thigh of mice. 

ii. After two weeks from last 

immunization, all mice were challenged 

with normal viable EAC at count of 

2.5x10
6
/mouse in the opposite left thigh. 

iii. The growth rates of solid tumor in all 

experimental groups were measured   by 

Caliper. The tumor size measurement in all 

groups was started at the beginning of pulp 

appearance in control mice until the 

volume of tumor reach 1cm3 in control 

group. 

iv. The size of solid tumor (mm³) was 

measured according to the following 

equation according to Papadopoulos et al 

[15]:  

4/3π (A/2)²x (B/2) = 0.52A²B 

A: minor tumor axis   and   B: major tumor 

axis 

2-Experimental design:  

Mice were allowed 10 days for adaptation. 

50 mice were randomly distributed into 5 

equal groups, 10 mice for each. The 

different treatments of the present study 

were done throughout seven weeks. 

The animal groups were recognized as 

follows: 

G1: Normal control group. 10 normal mice 

did not receive any treatment. 

G2: Positive control group. 10 mice were 

intramuscularly injected with 0.2ml of 

2.5×10
6
/ml/mouse viable Ehrlich tumor 

cells in the left thigh. 

G3: Vaccinated group. 10 mice were 

intramuscularly injected with 0.2 ml of 

irradiated tumor cell (vaccine) in the right 

thigh one time / week for 3 successive 

weeks. After 14 days from the last 

injection; immunized mice were 

challenged with 0.2ml of 

2.5×10
5
ml/mouse viable Ehrlich ascite 

carcinoma cells in the left thigh. 

G4: IFNα-2b immunized mice group. 10 

mice were subcutaneously injected with 

10.000 IU/ mouse three times / week for 4 

weeks of immunomodulator (INFα-2b). In 

this group, mice were challenged with 

viable 0.2ml of 2.5×10
6
 EC cells /mouse 

after two weeks of INFα-2b injection.  

G5: Vaccinated IFNα-2b immunized mice 

group.10 mice were intramuscularly 

injected with 0.2 ml / mouse of tumor cell 

vaccine in the right thigh weekly for 3 

successive weeks. After the last 

immunization mice were subcutaneously 

injected with 10.000 IU /mouse of IFNα-

2b three times/ week for 4 weeks. After 2 

weeks of IFNα-2b injection, mice were 

challenged with 0.2ml of 2.5×10
6 

/ml/mouse viable Ehrlich carcinoma cells. 

Sample preparation: 

After 2 weeks from Ehrlich challenge, 

mice were anaesthetized using diethyl 

ether and sacrificed. Blood and tumor 
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tissue from mice of each group were 

collected and used for the proposed 

studies. 

Preparation of serum: 

Mice were sacrificed and the blood was 

collected from heart puncher using 

disposable plastic syringes and drained in 

heparinized tube and left for coagulation. 

The blood was centrifuged and the upper 

layer (serum) was taken. TNF alpha and 

CEA were measured in serum of each 

group. 

Tissue samples: 

The EC tumor tissue of experimental mice 

were dissected out , washed and divided 

into two parts, one part was kept in 10% 

formalin for histopathological studies, 

apoptosis detection and the other part was 

prepared in  ice-cold saline  (0.9 %) using 

a potter- Elvehjem homogenizer to give a 

10% homogenates  which were used for 

determination of biochemical  parameters. 

Biochemical analysis 

In serum, the levels of tumor necrosis 

factor-alpha were assayed by the standard 

sandwich enzyme-linked immune-sorbent 

(ELISA) assay technique using ELISA kit 

(K0331186, KOMABIOTECH, Seoul, 

Korea) following the manufacturer’s 

instructions, carcinoembryonic antigen 

(CEA) was determined according to rat 

CEA ELISA Kit and Caspase-3 activities 

were determined using a modified 

procedure [16,17]. In Ehrlich carcinoma 

tumor tissue lipid peroxidation was 

measured colorimetrically as described by 

Yoshioka et al [18], glutathione was 

measured colorimetrically according to the 

method of [19], The activity of GSH-Px is 

determined by using the method of Gross 

et al [20] superoxide dismutase activity is 

measured according to the method of [21] 

and DNA fragmentation was performed by 

using agarose gel electrophoresis 

according to Sellins and Cohen [22] with 

modification. 

Histopathological Examination: 

Following mice sacrificing tumor tissues 

were rapidly dissected and excised, rinsed 

in saline solution and cut into suitable 

pieces, then fixed in neutral buffered 

formalin (10%) for 24 hours, following 

fixation, the specimens were dehydrated in 

ascending series of alcohol, then tissue 

specimens were cleared in xylene and 

embedded in paraffin at 60 ºC. Section of 

5 microns thickness was cut by slidge 

microtome. The obtained tissue sections 

were collected on the glass slides and 

stained by haematoxylin and eosin stain 

for histopathological examination by the 

light microscope [23]. Another tissue 

sections (2-4 µm thick) were cut from 

paraffin embedded blocks by microtome 

and mounted from warm water (40°C) 

onto charged adhesive slides. By using a 

mixture of 100 µg/ml acridine orange and 

100 µg/ml ethidium bromide prepared in 

PBS, the apoptosis and necrosis staining 

were analyzed [24,25]. The tissue uptake 

of the stain was monitored under a 

fluorescence microscope. 

RESULTS 

1- The Effect of Tumor Cell Vaccine 

and/or IFN-α-2B on Ehrlich Carcinoma. 

A- Ehrlich Carcinoma Tumor Size 

Monitoring: 

The size of solid Ehrlich carcinoma (EC) 

in the left thigh of mice was measured 

three times along 14 days starting from EC 

tumor cells inoculation and beginning of 

tumor formation in control EC bearing 

mice. The delay and percent of inhibition 

in tumor size in mice vaccinated with 

tumor cell vaccine and treated with 

interferon alpha-2b (IFN-α-2b) either 

alone or combined comparing with +ve 

control mice is represented in Fig (1). 
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From Fig.(1), it is clear that the inoculation  

of  2.5 million  of  EC cells  in  2 ml  

physiological saline  in  the left thigh  of  

healthy  normal  mice  produced  a solid 

tumor with a mean size of 225.96 mm
3
 on 

the 8
th

 day after  tumor  inoculation  (ATI).  

EC tumor size exceeds 425.57 mm
3
 on the 

11
th

 day ATI.  The increase of EC size 

proceeds by days reaching 525.37mm
3
 on 

the 13
th

 days ATI.  

The data obtained revealed a significant 

inhibition in tumor size through the 

observation period in groups of 

experimental animals treated with tumor 

cell vaccine and IFN-α-2b either alone or 

combined. The mice treated with irradiated 

tumor cell vaccine exhibited percent of 

inhibition 61.99 % on the 13
th

 days ATI, 

while the mice treated with IFN-α-2b 

showed 73.50% percent of inhibition on 

the 13
th 

days ATI. On the other hand, 

vaccination EC bearing group with 

irradiated tumor cell vaccine and IFN-α-2b 

represent 112.75±9.88 mm
3 

tumor size and 

78.54% percent of inhibition on the 13
th

 

ATI.  

B-Tumor Markers Responses (TNF-α 

and CEA) Levels: 

Table (1) represents the effect of tumor 

cell vaccine and/or INF-α2-b on serum 

TNF-α and CEA levels of mice bearing 

EC. The data revealed that female mice 

bearing EC represents asignificant increase 

in serum TNF-α and CEA levels in 

compared to normal control group. 

Meanwhile treatment of experimental 

animals bearing EC with tumor cell 

vaccine represents a significant decrease in 

tumor TNF-α and CEA levels in compared 

to EC group. On the other hand, treatment 

of female mice bearing EC with INF-α2-b 

predicts a significant decrease in serum 

TNF-α and CEA level compared to EC 

group. while the combined treatment of 

EC bearing group with tumor cell vaccine 

and INF-α2-b in G5 shows a highly 

significant decrease in serum TNF-α level 

in comparison with EC group 

C- Caspase-3 Detection: 

Table (2) represents the effect of tumor 

cell vaccine, and INF-α2-b either alone or 

combined on tumor caspase (Cas-3) 

activity of mice bearing EC. Meanwhile 

treatment of experimental animals bearing 

EC with tumor cell vaccine represents 

significant increase in tumor Cas-3 activity 

when compared with their corresponding 

activity in EC bearing mice. Treatment of 

female mice bearing EC with INF-α2-b 

predicts a significant increase in Cas-3 

activity compared to EC group. The 

combined treatment of EC bearing group 

with tumor cell vaccine and INF-α2-b 

group (G5) shows a significant increase in 

comparison with Ehrlich group (G2) group.

D- DNA Fragmentation: 

Fig. (2) represent the effect EC cells 

transplantation in the left thigh of mice 

producing significant DNAfragmentation 

(laneG2). The treatment of female mice 

bearing EC with tumor cell vaccine 

induced significant DNA fragmentation 

(lane G3) in EC tumor tissue. In groups of 

experimental animals treated with IFN-α 

2b immunomodulator eitheralone or 

combined with tumor cell vaccine 

recorded no DNA fragmentation (lane 

G4&lane G5)

2- The effect of tumor cell vaccine 

and/or INF-α2-b on oxidative stress and 

antioxidant markers of Ehrlich 

carcinoma tumor tissue  

Table (3) represents the effect of tumor 

cell vaccine and/or INF-α2-b on tumor 

MDA and NO levels of mice bearing EC. 

The data revealed that treatment of 

 



96                                                                    Neamat et al,2014 

Biochemistry letters,9(8) 2014, Pages: 19-112 

experimental animals bearing EC with 

tumor cell vaccine represents a significant 

increase in tumor MDA level and 

significant decrease in tumor NO level in 

compared to EC group. 

On the other hand, treatment of female 

mice bearing EC with INF-α2-b predicts a 

significant increase in tumor MDA content 

and a significant decrease in tumor NO 

level compared to EC group. Meanwhile 

the combined treatment of EC bearing 

mice with tumor cell vaccine and INF-α2b 

shows a significant increase and a 

significant decrease in tumor MDA and 

NO levels respectively in comparison with 

G2 group. 

The treatment of experimental animals 

bearing EC with tumor cell vaccine 

represents a significant decrease in tumor 

GSH content, no significant effect in GPX  

activity and a slight increase in tumor SOD 

activity in compared to EC group.  

Treatment of female mice bearing EC 

with INF-α2-b predicts decrease in tumor 

GSH content and GPX activity and 

increase in tumor SOD activity compared 

to EC group. Meanwhile the combined 

treatment of EC bearing group with tumor 

cell vaccine and INF-α2-b in G5 shows a 

significant decrease in tumor GSH content 

and GPX activity and non-significant 

increase in tumor SOD activity in 

comparison with G2 group. 

 

4 - Histopathological examination of the 

Ehrlich carcinoma (EC):  

Histopathological examination possessed 

normal muscle histology (Fig. 3 A) of non-

mice bearing Ehrlich carcinoma. Ehrlich 

carcinoma (EC) tissue section under light 

microscope showed compact and 

aggregation of the tumor tissue cells 

spread within the muscular tissues. EC 

showed groups of large, round and 

polygonal cells, with pleomorphic shapes, 

hyperchromatic nuclei and binucleation. 

Several degrees of cellular and nuclear 

pleomorphism were seen (Fig. 3B). 

However a section in EC of mice 

immunized by tumor cell vaccine show 

great regressing of invaded muscular tissue 

by EC cells (Fig.3 C). On the other hand, a 

section in EC of mice vaccinated by 

immunomodulator IFNα- 2b shows 

extensive areas of necrotic EC cells 

contain nuclear debris and other tumor 

cells contain pyknotic nuclei (Fig. 3 D). 

Combined vaccination of mice bearing EC 

by tumor cell and IFNα-2b represent great 

necrotic areas contain of remnants and 

some pyknotic nuclei in EC tissue section 

(Fig. 3E). 

5- Apoptotic and necrotic examination 

of Ehrlich carcinoma (EC):  
 

Apoptotic and necrotic stained by Acridine 

orange / propidium iodide stain and 

examined under a fluorescent microscope. 

Normal muscle tissue section represents 

vital tissue regions stained in green colour 

(Fig. 4 A). Control section of EC 

represents vital tissue stained in green stain 

with no zones of necrosis (orange cells) or 

apoptosis (yellow cells) in addition to the 

presence of and some vacuolated areas 

(Fig. 4 B). Treatment of mice bearing EC 

by tumor cell vaccine showed many 

necrotic regions had bright orange colour 

(Fig. 4C). Also, the vaccination of mice 

bearing EC by IFNα-2b shows extensive 

bright orange areas of necrotic EC cells 

contain nuclear debris (Fig. 4D). The 

combined vaccination of mice bearing EC 

by tumor cell and IFNα-2b represents great 

areas showed necrotic regions had late 
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bright orange apoptotic cells and necrotic 

cells had orange color in addition, to the 

presence of vital green muscle tissue 

(Fig.4  E&E+). 

DISCUSSION

Cancer may develop when the immune 

system breaks down or is not functioning 

adequately. Tumour immunization 

(vaccination) is a new and important field 

in cancer prevention and treatment. Cancer 

immunization studies used different type 

of vaccines and different modelities. 

Success is highest when the specific 

tumour antigen or genome sequence is 

known [26, 27, 28, and 29]. Cancer 

vaccines are another form of biological 

therapy currently under study. Vaccines 

for infectious diseases, such as measles, 

mumps, and tetanus, are effective because 

they expose the body's immune cells to 

weakened forms of antigens that are 

present on the surface of the infectious 

agent. This exposure causes the immune 

cells to produce more plasma cells, which 

make antibodies. 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 6, 

8, and 10 kGy, Gamma irradiation at dose 

8 kGy was used to enhance the 

immunogenic properties of EAC cells. 

Whole EAC cell was used as vaccine in 

our study. 

The autologus tumor cell vaccine intended 

is a therapeutic agent produced by 

isolating tumor cells from an individual 

and processing these tumor cells into a 

vaccine formulation in vitro. The vaccine 

is then administered to the individual from 

whom the tumor cells were isolated 

[30].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 [31]. 

Haspel et al [32] suggested that 

irradiation of 107 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.  

In the present study mice were 

vaccinated with irradiated Ehrlich tumor 

cells at dose of 2.5x10
5
 cells three 

successive weeks pre challlange with 

2.5×10
6
 viable tumor cells. 

Transplantation of EAC cells in the right 

thigh of female Swiss albino mice induced 

the formation of solid tumor which 

showed marked increase in its volume 

weight continuously with time till the end 

of experiment.  

The obtained results clearly reflect the 

efficacy of the prepared tumor irradiated 

vaccine in inhibition of tumor growth to a 

significant extent. The results are going on 

with the aimed objective of the study. 

Tumor has larger repertoires of tumor-

associated antigens (TAAs), which can 

lessen the possibility of tumor escape and 

increase the probability of CTL cross-

priming with antitumor activity [33] and it 

could induces specific cytotoxic T 

lymphocytes responses and non-specific 

immunity both of which could contribute 

to the tumor inhibition [34]. Obviously, 

the irradiation could increase the 

expression of these factors, subsequently 
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increased the immunogenicity tumor cells. 

In this respect, it was claimed that the 

cancer cell irradiation at different levels of 

gamma rays (10,000 cGy- 18,000 cGy) 

increased the expression of all surface 

antigens present on the cells before 

irradiation, and enhanced the 

immunogenicity of cellular tumor cells 

vaccine [35]. Irradiated tumor cells appear 

to be appropriate simulators of a 

physiological situation in the tumor 

bearing organism providing the whole set 

of tumor antigens and eliminating the need 

to identify  the respective TAA firstly [36]. 

Biological therapies use the body's 

immune system, either directly or 

indirectly, to fight cancer or to lessen the 

side effects that may be caused by some 

cancer treatments [37]. Biological 

response modifiers (BRMs) can alter the 

interaction between the body's immune 

defenses and cancer cells to boost, direct, 

or restore the body's ability to fight the 

disease. BRMs include interferons, 

interleukins, colony-stimulating factors, 

monoclonal antibodies, and vaccines [37]. 

Interferons are types of cytokines that 

occur naturally in the body. They were the 

first cytokines produced in the laboratory 

for use as BRMs. 

The experimental data revealed that the + 

ve control mice develop Ehrlich tumor 

bulb exceeded 1cm
3 

(500 mm
3
)10 days 

ATI of viable EAC cells [38]. However, 

the obtained data revealed that there is 

significant decrease in mean of tumor size 

of the three groups (irradiated, tumor cell 

vaccinated group and tumor cell vaccine 

irradiated group) compared to mice group 

inoculated with viable Ehrlich tumor cells  

Also, there is significant decrease in 

mean of tumor size of the interferon 

groups (IFN-α-2b injected group and 

vaccinated +IFN-α-2b) injected group 

compared to mice group inoculated with 

viable Ehrlich tumor cells. Lengyel  [39]  

reported  that    Interferons  exert  widely  

overlapping  pleiotropic  effects  including 

inhibition  of  cell  growth  and  

modulation  of  certain immune reactions. 

The biologic activities also include 

inhibition of  cell  proliferation,  

enhancement  of  the  cytotoxic activities  

of  lymphocytes,  the expression  of  cell 

surface  antigens  and  stimulation  of  the  

phagocytic and  tumoricidal  activities  of  

macrophages.  These properties  may  play  

an  important  role  in  vivo antiviral  and  

antitumor  effects  of    IFNs [40].  

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 [41]. 

Tumor  necrosis  factor  alpha  (TNF-α)  is 

a 17 kilodalton  cytokine  that  is  

synthesized  by  monocytes/macrophages,  

natural  killer  cells/large  granular 

lymphocytes, and T lymphocytes subsets. 

it  is  a  cytokine  initially described  as  a  

tumoricidal  protein,  has  a  variety  of  

functions  in  the inflammatory  and  

immune  response  [42]. The role of TNF-

alpha in chronic inflammatory diseases 

and tumor-promoting effects is well 

recognized [43, 44 , 45], as well as the role 

in promoting tumor cell  survival  through  

the  induction  of  genes  encoding  NF-

κB–dependent  anti-apoptotic molecules 

[45]. 

The  experimental  data  reveals that 

female mice bearing EC represents a 

significant increase in serum TNF-α level 
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of tumor bearing mice in compared to 

normal control group. 

 The elevation in the TNF-α level in EC 

mice group may be attributed to the 

increase in the production of ROS by 

macrophages,  which  stimulate  lipid  

peroxidation  and  thought  to  have  an  

important  pathogenic role in tumor 

damage [46] . 

On the other hand, treatment of 

experimental animals bearing EC with 

irradiated EC cells represents a significant 

decrease in serum TNF-α level in 

compared to EC group level. It seems 

likely that a decrease in tumor markers as 

TNF-α does not always correlate with the 

strength of the antitumor effects of the 

therapy. However, tumor markers decrease 

in accordance with the regression of the 

cancer by chemotherapy in many cases, as 

previously reported [47,48]. 

Also, the treatment of female mice bearing 

EC with INF-α2-b predicts a significant 

decrease in serum TNF-α level compared 

to EC group for the presence of immune 

system activation and endothelial 

injury/activation [49].    

  Also, the combined treatment of EC 

bearing group with irradiated EC cells and 

INF-α2-b show a highly significant 

decrease in serum TNF-α level in 

comparison with EC group.  

Another cancer-specific marker is CEA, or 

carcinoembryonic antigen. It is a blood-

borne protein, first noted to be produced 

by tumors of the gastrointestinal system, 

lung and breast cancer cases. CEA 

relationship to extent of the disease and 

possibly its use in monitoring response to 

therapy is being increasingly appreciated 

[50, 51, 52, and 53]. 

The data revealed that female mice bearing 

EC represents a significant increase in 

serum CEA level of tumor bearing mice in 

compared to normal control group. An 

elevated level of a tumor marker can 

indicate the presence of cancer [54].  

Elevated CEA demonstrated that the 

metastasis of tumor occurred or the tumor 

is at an advanced stage [55] indicate a 

larger tumor burden [56]. 

Treatment of experimental animals bearing 

EC with irradiated EC cells revealed a 

significant reduction in Ehrlich tumor 

carcinoma CEA level in compared to EC 

group level. The majority of preclinical 

data suggests that the induction of 

cytotoxic T cells against a tumor-specific 

antigen can mediate an effective antitumor 

response and prevent recurrent malignancy 

[57, 58].  

Treatment of female mice bearing EC with 

INF-α2-b predicts decrease in serum CEA 

level compared to EC group. Meanwhile 

the combined treatment of EC bearing 

group with irradiated EC cells and INF-α2-

b shows a highly significant decrease in 

serum CEA level in comparison with EC 

group. 

The  cell- multiplication-inhibitory  effect  

was  directly  proportional  to  the  anti-

viral  activity  for  any  given  preparations  

of  interferon.  also, interferon  has  shown  

promise  as  an  anti-cancer agent  in  

clinical  trials  [59]. Through the inhibition 

of DNA synthesis of transformed cells or 

enhances natural killer and antibody- 

dependent cell-mediated cytotoxicity [60]. 

Caspases (c: cysteine protease mechanism, 

aspase: ability to cleave after aspartic acid) 

are aspartate-directed cysteine proteases 

that play a key role in the initiation and 

execution of apoptosis, necrosis and 

inflammation, failure of which may cause 

tumor development and several auto-

immune diseases [61]. Structural details of 

several caspases (such as Casp-1, 2, 3, 7, 8 

and 9) [62]. Once activated, they cleave 
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cellular substrates, leading to 

morphological hallmarks of apoptosis [63, 

64]. 

EC  bearing mice  showed  high  increases  

in  the  activity  of  caspase-3, indicating  

increase  in  apoptosis.  These observations 

supported by O’Donovan et al [65] the 

activity of caspase-3 is increased  in  tumor  

cells  due  to the  inactivation  of  p53  

(tumor  suppressor  protein),  which  is 

responsible  for  protecting  cells  from  

tumorigenic  alterations [66]. 

Meanwhile treatment of experimental 

animals bearing EC with irradiated tumor 

cell vaccine represents significant increase 

in tumor caspase-3 levels when compared 

with their corresponding activity in EC 

bearing mice. Also, tumor tissue section 

shows great regressing of invaded 

muscular tissue by EC cells and necrotic 

regions.  This suggests that vaccine can 

destroy the existing tumor cells by 

activating the apoptotic cascade.  

These increases caspase-3 activities 

postulated the enhancement of apoptosis 

by full competent working of the apoptotic 

pathways depending on caspase-3 despite 

of vaccine variability. The apoptotic 

pathway is critical to the ability of natural 

killer cells and cytotoxic T lymphocytes to 

induce efficient cell death of virally 

infected or tumor cell through activation of 

caspases -3 to induce apoptosis [67]. 

Nagata [68] showed that the DNA ladder 

nuclease (now known as caspase-activated 

DNase or CAD) preexists in living cells as 

an inactive complex with an inhibitor 

subunit. Activation of CAD occurs by 

means of caspase-3–mediated cleavage of 

an inhibitory subunit, resulting in the 

release and activation of the catalytic 

subunit [69]. Hence, our results, the 

increased caspase-3 activity strongly 

suggest that tumor cell vaccine activates 

the apoptotic cascade and implements the 

antitumor activity on the EC cells.  

Tumor vaccine has larger repertories of 

tumor-associated antigens (TAAs), which 

can lessen the possibility of tumor escape 

and increase the probability of Cytotoxic 

T-Lymphocyte (CTL) cross-priming with 

antitumor activity [33] and it could induces 

specific CTL responses and non-specific 

immunity both of which could contribute 

to the tumor inhibition [34].  

Treatment of female mice bearing EC with 

INF-α2-b predicts a significant increase in 

caspase-3 levels compared to EC group. 

Also, the slide tissue section shows 

extensive areas of necrotic EC cells 

contain nuclear debris and other tumor 

cells contain pyknotic nuclei.  

The way by which tumor cell growth is 

suppressed may be that IFN -α2-b induces 

apoptosis in cancer tissue cells [70] 

through the triggering of programmed cell 

death the combined treatment of EC 

bearing group with irradiated Ehrlich 

carcinoma cells and INF-α2-b represents a 

significant increase in comparison with 

Ehrlich group and represents great areas of 

necrotic and apoptotic cells. 

There are two distinct types of cell death in 

cell-biology mechanisms; necrosis and 

apoptosis, which differ in their process and 

features. For example, DNA 

fragmentation, a phenomenon that 

involves regular DNA cleavage into a unit 

length of 180–200 bp, is a typical feature 

of apoptotic cells induced only in apoptotic 

stimulus. While necrosis is caused by 

mechanical force or trauma, apoptosis is 

induced by cellular signals and 

programmed in the cells for control of 

human homeostasis, such as removal of 

damaged or unnecessary cells. Because 

certain steps of apoptotic processes 

including DNA fragmentation, are 
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impaired in many cancer cells, cancer cells 

proliferate endlessly and threaten 

multiplication of other normal cells. For 

these reasons, many researchers have been 

looking for apoptotic inducers in cancer 

cells [17]. 

Treatment of experimental animals with 

irradiated Ehrlich cell line represents a 

significant increase in tumor caspase-3 

levels by activating the apoptotic cascade 

and a significant DNA fragmentation in 

tumor tissue [71].  Groups of experimental 

animals treated with IFN-α-2b  

immunomodulator either alone or 

combined with tumor cell vaccine  

recorded  no  DNA  fragmentation. The  

disappearance  of  DNA  fragments  bands  

in mice  bearing  tumor  samples  postulate  

loss  of  apoptosis  evident  by  the  tumor 

development.  Some  types  of  cancers  

are  characterized  by  defects  in apoptosis 

leading  to  immortal  clones  of  cells  

[72]. 

Lipid peroxidation, an autocatalytic free 

radical chain propagating reaction, is 

known to be associated with pathological 

conditions of a cell. It is another important 

event related to cell death and has been 

reported to cause severe impairment of 

membrane function through increased 

membrane permeability and membrane 

protein oxidation and eventually cell death 

by damaging the cellular DNA [73]. 

Treatment of experimental animals bearing 

EC with irradiated Ehrlich tumor cell 

represents  a  significant  increase  in  

tumor  MDA  level  and  significant  

decrease in tumor NO level in compared to 

EC group. The increase in levels  of  lipid  

peroxidation level  in  tumor tissue  might  

be  attributed  to  the  deficiency  of  

antioxidant defense  mechanisms  or  

probably  due  to  the  generation  of  

reactive oxygen species (ROS) and altered 

redox statuses which are common 

biochemical aspects in tumor cells. ROS 

can react with  the  polyunsaturated  fatty  

acids  of  lipid  membranes  and induce  

lipid  peroxidation. Earlier studies 

observed increased lipid peroxidation and 

decreased antioxidant levels in the cancer 

patients [74].   

Context with the findings of Romero et al 

[75], treatment of female mice bearing EC 

with INF-α2-b  predicts  a  significant  

increase  in  tumor  MDA  content  and  a  

significant decrease  in  tumor  NO  level  

compared  to  EC  group.  Also, the same 

observation was recorded when EC 

bearing mice treated with irradiated 

Ehrlich tumor cells either alone or 

combined with INF-α2-b. The end product 

of lipid peroxidation, malondialdehyde, 

due to its high cytotoxicity and inhibitory 

action on protective enzymes, is suggested 

to act as on tumor development [76].  

Tirkey et al [77] indicated that oxidative 

stress causes depletion of intracellular 

GSH, a reducing agent with its sulhydryl 

group, leading to serious consequences. 

The decrease could be due to a feedback 

inhibition or oxidative inactivation of 

enzyme protein caused by ROS 

generation, which can in turn impair the 

antioxidant defense mechanism leading to 

increased lipid peroxidation [78]. 

Excessive lipid peroxidation can cause 

increased glutathione consumption [79].  

Our    data    revealed    that treatment of 

experimental animals bearing EC with 

irradiated Ehrlich tumor cell represents a 

significant decrease in tumor GSH 

content, no significant effect in GPX 

activity and a slight increase in tumor 

SOD activity in compared to EC group.    

The depletion in glutathione level has been 

reported to enhance the cell death and 

apoptosis of the tumor cells along with the 
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loss of essential sulfhydryl groups that 

result in an alteration of the calcium 

homeostasis and eventually loss of cell 

viability [80].  

Treatment  of  female  mice  bearing  EC  

with  INF-α2-b either alone or combined 

irradiated Ehrlich tumor cells predicts 

decrease  in  tumor  GSH  content  and  

GPX  activity  and  increase  in  tumor  

SOD activity compared to EC group.  

The depletion of glutathione has been 

reported to enhance cell  death  and  

apoptosis  of  the  tumor  cells  along  with  

the  loss of  essential  sulfhydryl  groups  

that  result  in  an  alteration  of calcium  

homeostasis  and  eventually  loss  of  cell  

viability [81].   

The results corroborate the findings of  

Skrzydlewska  et  al [82], who stated 

increased plasma and tissue MDA level 

and SOD activity in colorectal cancer 

patients.   

Indeed,  the  levels  of  glutathione,  GSH-

Px, have  been  shown  to  be  significantly  

altered  in  malignant  cells [83]  and  in  

primary  cancer  tissues [84], suggesting 

aberrant regulation  of redox  homeostasis 

and  stress  adaptation  in  cancer  cells  or  

could  also  be  due  to exhaustion of the 

glutathione and antioxidant enzymes 

because of  increased  peroxidation [85].  

From the previous discussed results we 

postulated the immunization action of 

irradiated Ehrlich carcinoma cells (vaccine) 

and immunomodulator IFNα-2b in tumor 

regression. 

CONCLUSION 

Tumour cell lysate vaccine and/or IFN-α-

2b exhibited significant antitumor activity 

reflected by Reduction in tumor size, 

Inhibition of tumor markers (TNF-α and 

CEA), increased caspase-3 and DNA 

fragmentation, Enhanced lipid peroxidation 

and nitric oxide in tumor tissue, Reduced 

spleen oxidative stress (MDA, NO), 

increased antioxidant enzymes (GSH,GPX 

and SOD) in spleen tissue, apoptosis and 

necrosis of tumor tissue. The immunization 

with the cell lysate vaccine act more 

efficiently as an immunomdulator. IFN-α-

2b is a good immunomodulator can help in 

cancer treatment alone or combined with 

tumor cell lysate vaccine. 
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Table (1): The effect of tumor cell vaccine and/or INF-α on serum TNF-α and CEA levels of 

mice bearing EC. 

 

Group 

Parameters 

 

G1 G2 G3 G4 G5 

TNF(pg/ml ) 

 
86± 4.95 223±8.13

a
 

 
112±3.64

ab
 

 

120.75±7.28
ab

 

 

94.01±02.90
ab

 

 

CEA (pg/ml ) 1.76± 0.07 2.77±0.31
a
 2.19±0.017 2.407±0.29 1.355±0.083

ab
 

 
Values are expressed as means of 10 records ± standard Error (M±SE).  

a: significant against NC at P<0.05      b: significant against EC  at P<0.05 

G1: -ve control, G2: EC, G3: EC of mice treated by tumor cell vaccine, G4: EC of mice treated by 

IFNα-2b, G5: EC of mice vaccinated by tumor cell vaccine and IFNα-2b 

 

Table (2): The effect of tumor cell vaccine and/or INF-α2-b on tumor caspase levels (μmol 

pNA /min/ml) of mice bearing EC. 

 

 

Group G2 G3 G4 G5 

Mean±SE 122.63±8.19 138±4.73 182.47±14.88
b
 182.15±13.11

b
 

Legends as in table (2) 

 

Table (3): The effect of tumor cell vaccine and/or INF-α on antioxidants markers of EC 

tumor. 

 

Groups 

Parameter 
G2 G3 G4 G5 

MDA (mM/gm tissue 

homogenate) 
40.22±0.23 21.44±0.11

b
 21.14±0.82

b
 94.01±2.19

b
 

NO (M mole / L) 22.29±4.18 28.42±4.96
b
 20.41±4.48

b
 24.21±0.28

b
 

GSH (mg GSH /1 gm 

tissue) 
42.92±0.11 42.12± 0.28

b
 42.22±0.24 44.10±0.88

b
 

GPX (mg /min/gm 

tissue) 
0.22±0.11 0.22± 0.11 0.22± 0.01

b
 0.11±0.00

b
 

SOD 
(µg SOD /ml) 

1.19± 0.45 1.22±0.25 8.29± 0.09 1.22±0.20 

Legends as in table (2) 
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Fig. (1) Effect of irradiated tumor cell vaccine and IFN-α-2b alone or combined on EC tumor size  

 

 

 

                                            M       G1     G2      G3       G4     G5 
 

 
Fig. (2): Effect of tumor cell vaccine and/or IFN-α2b on EC DNA fragmentation. Lane G1: -ve control, Lane 

G2: EC, Lane G3: EC of mice treated by tumor cell vaccine, Lane G4: EC of mice treated by IFNα-2b, Lane 

G5: EC of mice vaccinated by tumor cell and IFNα-2b 
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Fig. (3): Photomicrographs in sections of EC.  A: Normal control muscle section in Albino mice 

represents normal muscular fiber (↑). B: Control EC.  Note: (↑) EC cells invaded muscular 

tissue; (↔) tumor cells encircled the muscles cells. C: Sections in EC of mice treated by tumor 

cell vaccine shows great regressing of invaded muscular tissue by EC cells (curved arrow). D: 

Sections in EC of mice treated by IFNα-2b shows extensive areas of necrotic EC cells contain 

nuclear debris (↕) and other tumor cells contain pyknotic nuclei (red blocked arrow). E: Section 

in EC of mice vaccinated by tumor cell vaccine and IFNα-2b represents great necrotic areas 

contain of reminants and some pyknotic nuclei (↕). 
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Fig. (4): Fluorescent images of sections in Ehrlich carcinoma stained by Acridine orange / propidium 

iodide stain. A: Normal muscle represents vital tissue regions stained in green (red blocked arrows). 

B: Control Ehrlich carcinoma represents vital green regions (↕) and some vacuolated areas (▲).C: 

Section in EC of mice treated by tumor cell vaccine showed necrotic regions had bright orange (red 

curved arrow). D: Section in EC of mice treated by IFNα-2b shows extensive bright orange areas of 

necrotic EC cells contain nuclear debris (↕).   E&E+: Section in EC of mice vaccinated by tumor cell 

and IFNα-2b represents great areas showed necrotic regions had late bright orange apoptotic cells and 

necrotic cells had orange color (↑). Vital green muscle tissue was also observed (red blocked arrows). 

(X 250) 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


