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The effectiveness and mechanisms of antitumor activity of non-pathogenic Escherichia coli EM0 strain using mouse model of 

Ehrlich ascites carcinoma (EAC) is studied. 48 h after inoculating EAC cells, a single noninvasive treatment of the 2-month-old male white 

mice’s eyes and mouths with live E. coli isolate increased the life span by 75% (P<0.001). Furthermore, a significant decrease in the 

volume of ascites fluid (66.5 %, P<0.01) was determined, accompanied by down-regulation of EAC-activated lipid peroxidation processes 

and changes in the L-arginine metabolic profile in leukocytes as early as within 9 days of post-treatment compared to non-treated EAC-

bearing mice. We found EAC-induced stimulation of arginase and nitric oxide synthase (NOS) activity correlated with the levels of their 

common substrate, L-arginine and products (arginase-derived L-ornithine and NOS-derived NO and L-citrulline) in the cytoplasm and 

mitochondria of peritoneal and blood leukocytes. The biochemical pattern was differentially modulated by E.coli treatment depending on 

whether leukocytes were localized in the ascitic fluid or the peripheral blood. E. coli concentrated in the ascitic fluid directly affected the 

surrounding cells including peritoneal leukocyte in which it decreased the activity of two arginase isoforms and a total NOS in the 

cytoplasm. Negligible number of E coli at sites remote of tumor suggests its indirect effects particularly via stimulation of LPS-mediated 

non-specific immune response associated with activation of arginase and NOS in the cytoplasm of blood leukocytes. The data obtained 

should be taken into account in the further study aimed to use non-pathogenic E. coli strains in the adjuvant therapy of ascites tumors. 
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INTRODUCTION 

Although conventional anticancer treatment 
methodologies are effectively used, but for about half of 
cancer patients these are ineffective.1 Outcomes of cancer 
treatments depend on plenty of factors, many of which are 
still unknown. Leukocytes infiltrate and interact with tumor 
and can cause either destruction of the tumor or promotion 
of malignancy.2

 
Understanding the metabolic interplay 

between tumor and immune system will guide the 
development of optimal metabolic interventions on cancer.3 
Recent findings in tumor bearing mice and most human 
cancers indicate that accumulation of myeloid-derived 
suppressor cells (MDSC), heterogeneous cell population 
consisted of granulocyte, and mononuclear cells play a 
significant role in tumor-associated inflammation and 
immunosuppression.4 Myeloid-derived cell

 
immuno-

suppressive activity is provided by production of reactive 

oxygen species, and over-expression of cytoplasmic 
arginase (ARG1) and inducible NO synthase (iNOS).5 

The 
critical interplay between arginase and NOS sharing a 
common substrate, L-arginine is involved in the cellular 
immune response and outcome of several pathologic 
conditions by modulating either the amount of NO produced 
or metabolic intermediates of the arginase pathway 
comprising L-ornithine, the precursor of polyamines 
essential for cell proliferation and urea which participates in 
detoxification of protein degradation.6 

Up-regulation ARG1 
and iNOS expression is implicated in the suppression of T 
cell proliferation and IFN-γ production by MDSCs.7 
Inversely, inhibition of suppressive effects of CD11b+/Gr-
1+ MDSCs is associated with a down-regulation of the 
mentioned enzymes, accompanied by enhanced T cell 
infiltration of the tumor and reduction of tumor growth.8 

Modulation of expression and activity of both arginase and 
NOS by various pathogenic microbes has been reported.9,10 

At the same time certain bacteria could be used for 
treatment of neoplasia.11 

They accumulate in the tumor 
microenvironment and induce specific and non-specific 
antitumor immune response, inhibiting carcinogenesis and 
thus offering a potential tool for cancer therapy.12  

Previous findings suggest that administration of E. coli (a 
gram-negative facultative anaerobe of the intestine of 
healthy people and animals) or priming with 
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lipopolysaccharide (LPS) (the major component of the cell 
wall of gram-negative bacteria) cause a production of tumor 
necrosis factor by activated macrophages, which suppresses 
proliferation of tumor cells prolonging a survival time of 
mice in Ehrlich ascites carcinoma (EAC).13,14 

Phagelysates 
of E. coli potentiate antitumor effects of drugs (combination 
of doxorubicin, cyclophosphan, and fluorouracil) elevating 
the intrinsic resistance to a cytotoxicity of EAC cells, and 
inhibiting a selective growth advantage of tumor cells over 
normal cells by 80-90% without apparent side effects.15 

Nevertheless, the impact of E. coli on the tumor-induced 
molecular changes in the immune cells is not fully 
elucidated. Notably, E. coli could be eliminated by iNOS-
derived nitric oxide (NO), the central component of innate 
immunity  contributed to antibacterial activity in the host.16 

Peritoneal macrophages has shown express high levels of 
the iNOS, and released substantial amounts of NO in ascitic 
fluid of tumor-bearing animals.17 As a consequence, the 
occurred E. coli deficit may contribute to alterations in 
microbiota that should affect various metabolic pathways 
including those of L-arginine.9 This could be prevented by 
administration of E. coli, which plays a selective role in 
regional gut immunity via transient modulation of the host 
intestinal microflora and the capacity to interact with the 
immune system directly or mediated by the autochthonous 
microflora.18 We propose that E. coli could affect reactive 
oxygen species production and  arginine metabolizing 
enzymes considered as therapeutic targets in cancer 
treatment. This study was undertaken to evaluate the 
effectiveness and mechanisms of antitumor activity of E. 
coli using well-established mouse model of EAC. 

 

EXPERIMENTAL  

Materials 

Dulbecco’s modified Eagle medium (DMEM) was from 
Serva (Heidelberg, Germany). Bovine serum albumin was 
from Carl Roth (GmbH, Karlsruhe). NG-monomethyl-L-
arginine hydrochloride was obtained from Calbiochem (La 
Jolla, CA).  All other reagents were purchased from Sigma-
Aldrich (St. Louis, MO, USA). 

Animals and treatments 

All procedures involving animals were in accordance with 
the International Laboratory Animal Care and the European 
Communities Council Directive (86/809/EEC) and approved 
by the respective local committee on biomedical ethics (H. 
Buniatyan institute of biochemistry, Yerevan, RA). 2-
month-old male white mice weighing 20.3 ± 0.2 g from our 
breeding colony were used.  All animals were maintained on 
a 12 h light/dark cycle at normal room temperature and 
housed in groups of 6/cage with free access to food and tap 
water.  

Experimental design 

The animals were divided into groups (n = 18 
mice/group): control group - native mice; the first 
experimental group - mice inoculated intraperitoneally (ip) 
with EAC cells (0.2 ml of 1.5 × 107 cells); the second 

experimental group - mice treated with E. coli (109 CFU/ml) 
48 h after EAC inoculation. A single non-invasive treatment 
of eyes and mouth of mice with live bacteria was performed. 
On the 11th day after tumor implantation, all the 
experimental animals were sacrificed by decapitation and 
the ascitic fluid was collected for measuring the volume and 
leukocyte separation.  

Bacteria. The E. coli strain EM0 isolated from the fecal 
flora of a healthy human volunteer was kindly supplied by 
Dr. I. Hakobyan (“Armenicum”, Clinical Center, Armenia). 
Commensal E coli isolate were propagated in Luria-Bertani 
broth (Difco Lab., Detroit, MI, USA) for 18-24 h at 37 °C 
under aerobic conditions, and suspended after centrifugation 
and adjusted to the appropriate concentration in sterile 20 
mM HEPES buffer (pH 7.4).  

Determination of survival time. Two groups of male white 
mice (18/group) were used. EAC cells were inoculated to 
each group of mice and treatment with E. coli was 
performed 48 h after tumor cells inoculation. Host survival 
was recorded and expressed as mean survival time (MST, in 
days) and percent of increase in life span (ILS) was 
calculated by the following formula: MST = (Day of first 
death + Day of last death) / 2; ILS = [(MST of EAC/E. coli 
group/MST of EAC group) –1] × 100.19   

Isolation of resident peritoneal cells. After decapitation, 
healthy control mice were fixed and 20 mM HEPES buffer 
(pH 7.4) was injected by sterile syringe into the abdominal 
cavity, to collect peritoneal cells. Cell suspension was 
centrifuged at 1000 rpm for 10 min, the precipitated cells 
were suspended in DMEM (liquid medium (1X) with 
Na2CO3, without glutamine), cultured at 37 °C for 24 h, and 
centrifuged at 1000 rpm for 10 min. Supernatant was 
discarded, cells in the pellet were washed twice with 20 mM 
HEPES buffer (pH 7.4) and used to isolate resident 
peritoneal leukocytes. 

Ehrlich ascites carcinoma was maintained in 3-month-old 
white mice in ascitic form under a week passage. Ascitic 
fluid from the mice was collected by ip puncture using a 
sterile syringe and the volume was measured to evaluate 
tumor growth. The ascitic fluid was centrifuged at 1000 rpm 
for 10 min, and the precipitated cells were washed twice 
with 20 mM HEPES buffer (pH 7.4) and used to isolate 
peritoneal leukocytes of EAC-bearing mice. 

Isolation of peritoneal and blood leukocytes. Peripheral 
blood was drawn into 3.8% sodium citrate anticoagulant, 
mixed with 6 % dextran (prepared on 0.9 % NaCl) and 
incubated at 37 ºC for 60 min to remove erythrocytes from 
the fresh blood by gravity sedimentation. The decanted layer 
was centrifuged at 4 °C (6000 rpm, 10 min) and blood 
plasma was obtained in supernatant.  

The blood decanted layer, resident peritoneal cells and 
ascitic fluid were admixed with 20 мМ HEPES buffer (pH 
7.4) at a ratio of 1:1 (v/v) and applied to ficoll-verografin 
gradient centrifugation at 3000 rpm for 20 min. 
Mononuclear cells and granulocyte were recovered in the 
density fractions of 1.087 and 1.129 g • ml-1 respectively, 
collected, washed twice, suspended in 20 мМ HEPES buffer 
(pH 7.4) containing 0.25 M sucrose and combined in one 
leukocyte fraction.  



Antitumor and antioxidant activity of E. Coli following Ehrlich ascites carcinoma                                             Section C-Research paper 

Eur. Chem. Bull., 2015, 4(7), 317-326   DOI: 10.17628/ECB.2015.4.317 319 

Leukocyte subsets were identified in fixed smears stained 
by the Romanovsky-Giemsa method.20 All cell preparations 
consisted of about 90 to 95 % viable cells as determined 
with the trypan blue exclusion test.  

Preparation of cytoplasmic and mitochondrial fractions was 
performed by differential centrifugation.21 Leukocytes 
suspended in 20 мМ HEPES buffer containing 0.25 M 
sucrose (pH 7.4) were homogenized (1500 rpm, 3 min), 
centrifuged at 4 ºС (1200 rpm, 10 min) to remove nuclear 
fraction and cell debris. Pellet was discarded and the 
supernatant was further  centrifuged at 4 ºС (11000 rpm, 20 
min) to yield the crude mitochondrial preparation which was 
washed, suspended and homogenized in 20 mM  Hepes 
buffer containing of 0.1 M NaCl, 10 % glycerol, 0.1 % 
Triton X-100-PC, and cocktail of protease inhibitors (Roche, 
Basel, Switzerland). The supernatant was used as the 
cytoplasm.  

Measurement of L-arginine. Samples were deproteinized 
with 0.5 N NaOH and 10 % ZnSO4. Following a 
centrifugation (15000 rpm, 3 min), the protein-free 
supernatants were sampled and analyzed for L-arginine 
according to Akamatsy & Watanabe with our 
modification.24 Briefly: a sample of supernatant diluted with 
distilled water (1:1, v/v) was added in a ratio 3:1 (v/v) to a 
reagent (mixture of equal amounts of 0.4 % 8-oxychinoline 
in 96 % ethanol, 5 % sulfosalicylic acid in 0.01 M glycine 
buffer, 2.5 % NaOH), stirred with 1 % solution of sodium 
hypobromite and the absorbance was measured at 525 nm 
wavelength against reagent blank containing all the reagents 
minus the sample.  

Arginase assay. The samples were added to the reaction 
mixture: 20 mM HEPES buffer containing 2 mM 
dithiothreitol (pH 7.4), 1.5 mM MnCl2·4H2O, 4.75 mM L-
arginine·HCl and incubated at 37 °C for 60 min, followed 
by the addition of 10 % TCA to stop the reaction.22 Parallel 
control experiments were conducted in the presence of 60 
mM L-valine, a non-selective inhibitor of the arginase 
isoforms. Following a centrifugation (15000 rpm, 3 min) the 
supernatants were sampled and analyzed for L-ornithine 
content. The arginase activity expressed as produced in an 
hour L-ornithine per mg of total protein. 

Measurement of L-ornithine. Samples were mixed with 
4.5 % ninhydrin (1:1,v/v), heated (90 oC, 20 min), cooled to 
the room temperature and the absorbance was measured at 
505 nm wavelength against reagent blank containing all the 
reagents minus the sample.22  

Nitric oxide synthase assay. A total NOS activity was 
assessed by measuring stable intermediate of NO, nitrite 
(NO2


) accumulated during a long-term incubation of 

samples (37 °C for 22 h) in 20 mM HEPES buffer (pH 7.4), 
containing 2 mM dithiothreitol and 3 mM MgCl2·6H2O, in 
the presence of NOS substrate, 5.5 mM L-arginine·HCl, and 
cofactors: 0.2 mM NADPH, 6 µM FAD, 5.5 µM FMN, 20 
µM ((6R)-5,6,7,8-tetrahydro-L-biopterin dihydro- chloride) 
and 1.7 mM CaCl2. Parallel control experiments were 
conducted in the presence of 5 mM NG–monomethyl-L-
arginine hydrochloride, non-selective inhibitor of all the 
NOS isoforms. Reaction was initiated by addition of 
samples to the incubation medium and terminated by 
subsequent addition of 0.5 N NaOH and 10 % ZnSO4. 
Following a centrifugation (15000 rpm, 3 min) the 

supernatants were sampled and analyzed for nitrite content. 
The NOS activity expressed as produced in 22 h nitrite per 
mg of total protein. 

Measurement of nitrite. Samples were deproteinized with 
0.5 N NaOH and 10 % ZnSO4. Following a centrifugation 
(15000 rpm, 3 min), the protein-free supernatants were 
sampled and analyzed for nitrite using colorimetric 
technique based on diazotization.

23
 Samples were mixed in 

equal parts with Griess-Ilosvay reagent (1:1 mixture of 
0.17 % sulfanilic acid and 0.05 % α-naphthylamine in 
12.5 % acetic acid), and the absorbance was measured at 
546 nm  wavelength against reagent blank containing all the 
reagents minus the sample.  

Measurement of L-citrulline. Samples were deproteinized 
with 10 % TCA, centrifuged (15000 rpm, 3min), then 
protein-free supernatants were mixed with 9.6 % H2SO4 
and reagent (5 mÌ diacetylmonoxime, 0.9 mM 
thiosemicarbazide, and 0.025 mÌ FeCl3) at a ratio of 1:1:1 
(v/v), heated in a boiling water bath for 10 min, cooled to 
the room temperature and the absorbance was measured at 
490 nm wavelength against reagent blank containing all the 
reagents minus the sample.25 

Indices of oxidative stress referring to lipid peroxidation 
processes were established by measuring malondialdehyde 
(MDA) using thiobarbituric acid.26 Samples were 
deproteinized with 10 % TCA and the precipitates were 
removed by centrifugation at 15000 rpm for 3 min, 
supernatants obtained were mixed with 0.72 % TBA and 0.6 
N HCl in proportion 1: 0.8 : 0.2 (v/v), heated for 15 min in 
boiling water bath that resulted in the formation of pink-
colored secondary product of MDA and the absorbance was 
measured at 535 nm wavelength against reagent blank 
containing all the reagents minus the sample.  

Protein was determined using crystalline bovine serum 
albumin as standard.27

 

Statistical analysis. All data were analyzed using a one-
way analysis of variance (ANOVA) followed by post hoc 
Holm-Sidak test (SigmaStat 3.5 for Windows). 
Relationships between biochemical parameters studied were 
determined calculating the Pearson linear correlation 
coefficient (r). Data are expressed as the mean ± S.E.M. 
Differences are considered significant at P < 0.05. 

RESULTS AND DISCUSSION 

Before presenting the major experimental results, we 
would like to briefly discuss cell separation procedures that 
were used to facilitate the analysis of the functional 
capacities of leukocyte and neoplastic cells from malignant 
effusions. Current evidence suggests a complex alteration of 
immune cell differentiation and function in cancerous 
conditions that involves polymorphonuclear and monocytic 
cells, including MDSC, immunosuppressive tumor-
associated macrophages and regulatory T cells.28,29 We have 
studied an overall picture of immune response using the 
joined fraction of granulocyte and mononuclear cells 
(macrophage/monocyte and lymphocyte) recovered in the 
density fractions 1.129 and 1.087 g • ml-1 respectively, 
including the low density granulocyte recovered with 
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mononuclears in EAC-bearing mice. Notably, there are the 
findings of other authors that activated granulocytes in 
advanced cancer patients and healthy donor with N-formyl-
L-methionyl-L-leucyl-L-phenylalanine (both may inhibit 
cytokine production by T cells) exhibit low density and co-
purified with low density peripheral blood mononuclears.30 

At the same time, conventional mast cells have a greater 
density than granulocytes up to 1.2g • ml-1, while the mast 
cells from tumor are recovered with malignant EAC cells in 
the lowest density fractions (up to 1.06 g • ml-1), because of 
high content of lipid and mucopolysaccharide laden 
vacuoles.31 It should be noted that mast cells were not 
studied in the present work. 

Antitumor and antioxidant effects of E. coli following Ehrlich 

ascites carcinoma 

E coli strain EM0 isolated from the feces of a healthy 
human volunteer was used for treatment of EAC-bearing 
mice. It is described as a non-pathogenic strain that had no 
adverse effect in germfree mice after colonization, despite 
the fact that EM0 may express hemolysin and cytotoxic 
necrotizing factor in vitro.32 Two days after EAC 
transplantation, a single non-invasive treatment of eyes and 
mouth of two-month-old white male mice with live E. coli 
isolate prolonged a life span by 75 %. On 11th day of EAC, 
E. coli caused a decrease of approximately thrice in the 
volume of ascitic fluid that accompanied by appropriate 
changes in the body weight of animals. Previously, we have 
demonstrated that after administration, E. coli is mainly 
concentrated in the ascitic fluid of EAC-bearing mice, and a 
much less its number was detected at sites remote from 
tumor, particularly in blood.33 Concomitantly, E. coli 
induced inflammatory response which interfered with 
induction and maintenance of the oncogenic phenotype of 
cancer cells appearing as a diminished anaplasia, in contrast 
to non-treated animals. 

Both macrophages and neutrophils are activated in tumor-
bearing patients and experimental animals and produce the 
elevated levels of reactive oxygen species (ROS) and down-
regulate the ROS scavengers and antioxidant enzymes thus 
contributing to the oxidative stress associated with 
immunosuppression and carcinogenesis.34,35 Carcinoma cells 
also produce ROS and other free radicals at elevated rates in 
vitro, and, many tumors have developed resistance то 
oxidative stress in vivo.36 High activity of antioxidant 
enzymes may contribute to resistance of tumor cells to 
overproduction of ROS. Notably, a significant up-regulation 
of superoxide dismutase (SOD) is observed on the stationary 
phase of EAC cells.37 At the same time, impaired 
functioning of the antioxidant system is demonstrated in the 
leukocytes isolated from area of tumor growth and blood.38 
Neutrophils from the blood of patients with larynx 
carcinoma exhibit low level of SOD prior to surgery, 
especially in the patients with advanced tumor stages.34  

Our data also suggests the prevalence of oxidative stress 
in the leukocyte over that of tumor cells on the 11th day of 
EAC development, viz. the level of a marker of oxidative 
stress, MDA (a measure of lipid peroxidation) was two-fold 
higher in the homogenates of peritoneal leukocytes (PL) 
than in EAC cells (165.3 ± 26.4 vs. 82.0 ± 11.2 pmol MDA 
• mg-1 protein respectively). Lipid peroxidation processes 
were significantly stimulated in PL and blood in EAC, and 

inhibited following E. coli treatment (Fig. 1). The MDA 
levels were increased to 41-, and 11-fold in the cytoplasm 
and mitochondria of PL, and to 7-, and 5-fold in those of 
blood leukocyte (BL), as well as to 4.6- fold in blood plasma 
of EAC-bearing mice compared respectively to the basal 
levels.  

 

 

 

 

 

 

 

Figure 1. Lipid peroxidation in the peritoneum and blood 
following Ehrlich ascites carcinoma (EAC) and E. coli treatment. 
Data are expressed as M ± SEM, n=18. The confidence probability 
(p) of parameters evaluated for EAC-bearing mice compared to the 
control, and p for E. coli-treated mice compared to untreated EAC-
bearing mice. Peritoneal leukocytes (PL): cytoplasm - F=59.3, 
p<0.001; mitochondria - F=16.1, p<0.001. Blood leukocytes (BL): 
cytoplasm - F=30.2, p<0.001; mitochondria - F=40.9, p<0.001; 
plasma - F=24.4, p<0.001. # p >0.05, * p <0.05, ** p <0.01, *** 
p<0.001.   

After E. coli treatment, the MDA amounts decreased by 
3.2 and 1.8 times in the cytoplasm and mitochondria of PL, 
and by 1.8 and 2.8 times in those of BL compared 
respectively to EAC-bearing mice. Simultaneously, the 
MDA level in plasma dropped lower than control values. 
Hence, E. coli may counteract the oxidative stress, 
particularly EAC-induced redox imbalance in leukocytes 
preventing their oxidative damage and impairment in 
antitumor activity. The inhibition of ROS production by 
immune cells could cancel their suppressive effects in mice 
and patients with cancer.28,39 Antioxidant activity of E. coli 
appears to be due to its polyamines, which are effective 
scavengers of ROS, and could also trigger a transcription of 
protective proteins under conditions of strong oxidative 
stress.40 Capability of E. coli to rapidly adapt to the 
oxidative environment was demonstrated on the E. coli 
strain MG1655 which metabolite profile was normalized in 
40-60 min after exposure to a sub-lethal concentration of 
hypochlorite.41  

One interesting observation is a profound increase in the 
L-arginine level in leukocytes following EAC (Fig. 2). The 
L-arginine content was approximately the same and 
distributed equally in the cytoplasm and mitochondria of 
both PL and BL under physiological circumstances. On the 
11th day of EAC transplantation, the L-arginine content was 
elevated by 4.4 and 2.3 times in the cytoplasm and 
mitochondria of PL, and by 4.2 and 3.8 in the cytoplasm and 
mitochondria of BL compared respectively to control. The 
most significant increase in the L-arginine level was 
observed in plasma (about 11-fold) in which it was higher 
than that in leukocyte.  
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Figure 2. L-arginine level in the peritoneum and blood following 
Ehrlich ascites carcinoma (EAC) and E. coli treatment. Data are 
expressed as M ± SEM, n=18. The confidence probability (p) of 
parameters evaluated for EAC-bearing mice compared to control, 
and p for E. coli-treated mice compared to untreated EAC-bearing 
mice. Peritoneal leukocytes (PL): cytoplasm - F=22.4, p<0.001; 
mitochondria - F=9.6, p<0.001. Blood leukocytes (BL): cytoplasm 
- F=21.6, p<0.001; mitochondria - F=21.5, p<0.01; plasma - 32.2, 
p<0.001.  # p >0.05, * p <0.05, ** p <0.01, *** p<0.001. 

 

An elevation of the arginine content might be a 
consequence of EAC-induced exacerbation of free radical 
oxidation that apparently may intensify intracellular protein 
degradation. In turn, the tRNA mediated, posttranslational, 
N-terminal arginylation of proteins (occurred in all 
eukaryotic cells) may lead to rapid ubiquitination of 
arginylated proteins degraded by cytosolic proteases by the 
N-end rule pathway.42 High amounts of L-arginine may 
affect the ion balance causing resistant hyperkalemia, a 
typical and the most life-threatening of tumor lysis 
syndrome.43,44 Hence, negative consequences at this stage of 
EAC appear to be caused not by arginine deficiency, but 
rather of its increase.  

Despite of a decrease in the arginase activity (vide infra), 
the L-arginine level dropped twice in the cytoplasm of PL 
following E. coli treatment. Simultaneously, L-arginine 
content was elevated by 1.6 times in the mitochondria of PL, 
possibly, due to E. coli-mediated normalization of the 
mitochondrial arginase activity (vide infra) and/or 
penetration of amino-acid from the cytoplasm. E. coli-
induced decrease in oxidative stress might interfere with 
protein breakdown served as a source of L-arginine and 
diminish the L-arginine level. Notably, the cytoplasmic L-
arginine high pool in contrast to other creatine analogues 
and related compounds can inhibit creatine transporters 
localized on inner and outer mitochondrial membrane 
fractions and interfere with the creatine transport from 
cytoplasm into mitochondria.45 Thus, E. coli mediated 
modulation of the L-arginine level in the cytoplasm of PL 
could facilitate their energy production.    

L-arginine may be converted to agmatine by the cytosolic 
arginine decarboxylase of E. coli in which it exists in 
constitutive and inducible isoforms.46 Agmatine in turn may 
serve as a free radical scavenger by protecting against the 

oxidation of sulfhydryl groups and decreasing hydrogen 
peroxide content, preserving from mitochondrial damage 
and apoptosis.47 At the same time, agmatine released into 
ascitic fluid may exert cytostatic activity in proliferating 
cancer cells, because of its preferable uptake by transformed 
cell with short cycling times lines (H-ras- and Src-
transformed murine NIH/3T3 cells, Ras/3T3 and Src/3T3, 
respectively) accompanied by a suppression of cell growth 
via agmatine-mediated induction of the antizyme synthesis, 
which inhibits ornithine decarboxylase activity attenuating 
polyamine formation.48,49 Further, E. coli lacks endogenous 
arginase and NO-synthase, enzymes that can compete with 
arginine decarboxylase.50,51 

E. coli caused a 1.6-fold increase in the L-arginine level in 
the cytoplasm of BL and a slight decrease in the 
mitochondria of BL compared to non-treated EAC-bearing 
mice, whereas no changes were detected in blood plasma. 
As noted, after treatment a much less number of E. coli was 
observed in blood, compared to ascitic fluid, and signaling 
mechanisms appear to be involved, particularly E. coli’s 
LPS among other pro-inflammatory stimuli can upregulate 
the L-arginine cationic amino acid transporter 2 (CAT2).52 

This may contribute to E. coli-induced elevation of the 
arginine level in BL. Presumably, L-arginine would be 
utilized by such arginine-metabolizing enzymes as ARG1 
and NOS that are also activated in the cytoplasm of BL 
following E. coli administration (vide infra). Early 
concomitant induction of iNOS, ARG2, argininosuccinate 
synthase and ornithine decarboxylase, and CAT2 and late 
induction of ARG1 are demonstrated in LPS-activated 
peritoneal macrophages.53  

Arginase activity in peritoneal and blood leukocytes following 

EAC and E. coli treatment. 

Oxidative stress and elevated intracellular levels of L-
arginine appear to contribute to the stimulation of both 
arginase and NOS in the peritoneal and blood leukocytes on 
the 11th day of EAC inoculation. Arginase hydrolizes L-
arginine to L-ornithine and urea and is presented in 
mammalian tissues with two isoforms: cytoplasmic (ARG1) 
and mitochondrial (ARG2) constitutively expressed in 
murine granulocytes and monocyte/macrophages.54,55 ROS, 
superoxide anion and hydrogen peroxide can induce the 
LPS-mediated increase in the activity of ARG1 and ARG1 
mRNA level in alveolar macrophages, and to the less extent 
the nitrite accumulation and iNOS mRNA expression.56 
ARG1 expression is also potently induced by oxidized low-
density lipoproteins in macrophages.57 Fig. 3 shows the 
intracellular changes in the arginase activity in the 
peritoneum and blood of EAC-bearing and E. coli-treated 
mice. The activities of ARG1 and ARG2 were distributed 
equally in the cytoplasm and mitochondria of both PL and 
BL from testing native mice, and the ARG1 and ARG2 
activities in PL were of a 3.4 and 2.5-fold higher than those 
respectively in BL. Malignancy was accompanied by a 5 
and 3-fold increase in the ARG1 and ARG2 activity in PL, 
and by a 7.7 and 12-fold in those of BL respectively. EAC 
shifted the intracellular arginase activity balance in PL 
towards the ARG1, which activity was by 1.8 times higher 
than that ARG2, conversely, in BL the ARG2 activity 
dominated and was 1.6 times higher than that of ARG1.  



Antitumor and antioxidant activity of E. Coli following Ehrlich ascites carcinoma                                             Section C-Research paper 

Eur. Chem. Bull., 2015, 4(7), 317-326   DOI: 10.17628/ECB.2015.4.317 322 

 

 

 

 

 

 

 

 

Figure 3. Arginase activity in the peritoneum and blood following 
Ehrlich ascites carcinoma (EAC) and E. coli treatment. Data are 
expressed as M ± SEM, n=18. The confidence probability (p) of 
parameters evaluated for EAC-bearing mice compared to control, 
and p for E. coli-treated mice compared to untreated EAC-bearing 
mice. Peritoneal leukocytes (PL): cytoplasm - F=37.7, p<0.001; 
mitochondria - F=13.5, p<0.001. Blood leukocytes (BL): 
cytoplasm - F=59.6, p<0.001; mitochondria - F=35.4, p<0.001; 
plasma - F=7.1, p=0.002.  # p >0.05, * p <0.05, ** p <0.01, *** 
p<0.001. 

 

E. coli-treatment decreased the ARG1 activity by 1.44 
times and normalized ARG2 in PL of EAC-bearing mice, 
while in BL a 3-fold increase in the ARG1 activity was 
detected and a 2.5-fold decrease in that of ARG2 
respectively compared to non-treated mice. Inhibition of 
arginase isoforms in PL and ARG2 in BL indicated to 
ameliorating effect of bacterial treatment interfering with 
imminosuppresive effects of arginases. Besides, ARG2 
plays a critical role in macrophage proinflammatory 
responses promoting mitochondrial ROS production.58 At 
the same time in blood E. coli/LPS-mediated non-specific 
immune response is, presumably,  associated with the 
activation of both ARG1 and iNOS (vide infra). 
Interestingly, iNOS/NO could exclusively affect ARG1 
activity (not ARG2) via S-nitrosylation of 2 cysteine 
residues (C168 and C303), and through S-nitrosylation of 
C303 stabilized ARG1 trimer and reduced its Km value 6-
fold, both in vitro and ex vivo.59 In contrast to ARG1, ARG2 
is not significantly modulated by Th1 or Th2 cytokines.60 
Although, recent data suggests that IFNã interferes with 
arginase activity in the three murine renal cell carcinoma 
cell lines, perhaps by inhibiting transcription of the ARG2 
gene there through inhibiting proliferation of cells.61 
Whether IFN-γ is implicated in E. coli impact on the ARG2 
activity in leukocytes must be elucidated.  It can be 
speculated that E. coli via stimulation of the ARG1 activity 
and subsequent urea overproduction in the cytoplasm of BL 
is metabolically aimed to down-regulate the iNOS activity. 
Urea inhibits the iNOS/NO in a dose-dependent manner 
facilitating proliferation of LPS-stimulated mouse 
macrophages (RAW 264.7).62 Interestingly, the same 
distribution of the intracellular arginase activities was 
observed both in PL and BL after E. coli treatment (ARG1 : 
ARG2 = 3.6 : 1).  

One of the major products of arginase is L-ornithine, a 
precursor in the production of polyamines, whose elevated 
levels are associated with neoplastic growth.63 Ornithine 

levels are significantly dropped in blood plasma and other 
tissues in the double knockout ARG1 and ARG2-deficient 
mice, indicating that arginase is critical to the maintenance 
of ornithine homeostasis.64 Fig. 4 shows the alterations in 
the L-ornithine content in the peritoneum and blood 
following EAC and E. coli treatment. Positive correlation 
between arginase activity and L-ornithine level was 
determined in the PL cytoplasm (r=0.63, p=0.0053) and 
mitochondria (r=0.99, p<0.0001), and in the BL cytoplasm 
(r = 0.97, p <0.0001) and mitochondria (r = 0.96, p <0.0001), 
as well as in plasma (r = 0.55, p = 0.02). Although, L-
ornithine may inhibit the two isoforms of arginase in vivo by 
a feedback mechanism, no inhibitory effect was observed in 
the studied leukocytes over L-ornithine concentration range 
determined in vitro. 

 

 

 

 

 

 

 

 

Figure 4. L-ornithine level in the peritoneum and blood following 
Ehrlich ascites carcinoma (EAC) and E. coli treatment. Data are 
expressed as M ± SEM, n=18. The confidence probability (p) of 
parameters evaluated for EAC-bearing mice compared to control; 
and p for E. coli-treated mice compared to untreated EAC-bearing 
mice. Peritoneal leukocytes (PL): cytoplasm - F=28.6, p<0.001; 
mitochondria - F=8.27, p<0.001. Blood leukocytes (BL): 
cytoplasm - F=42.6, p<0.001; mitochondria - F=24.3, p<0.001; 
plasma - F=2.7, p=0.078. # p >0.05, * p <0.05, ** p <0.01, *** 
p<0.001. 

 

Despite EAC-induced stimulation of the arginase activity, 
the level of arginine was markedly high in the studied 
cellular compartments of both PL and BL. Hence, arginase-
induced arginine deficiency that may lead to inhibition of 
natural killer cell activity, T-cell dysfunction, including 
decreased proliferation and loss of the z-chain peptide 
during cancer was not observed.65 No clear association with 
ARG1 expression and T-cell dysfunction (altered ability to 
produce cytokines in response to stimulation and inhibition 
of proliferation) was observed in myeloid cells from 
peripheral blood of patients with early-stage breast cancer.66 
Findings of other authors indicate that the ARG2 activity 
does not induce immunosuppression through CD3 æ down-
regulation in both peripheral blood lymphocytes, and CD8

+
 

T lymphocytes infiltrating tumor in patients with prostate 
carcinoma.67 Notably, even during dramatically increased 
arginase activity, the concentrations of l-arginine in 
endothelial cells remained sufficiently high to provide NOS-
dependent NO synthesis.68 This has led authors to the 
conclusion that there is subcellular compartmentalization of 
l-arginine into poorly interchangeable intracellular pools. 
Nevertheless, arginase induction in leukocyte can enhance 
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tumor cell growth and not only through depletion of L-
arginine, but also by providing them with polyamines, 
because the progression of a malignancy correlates with an 
elevated expression of both or specific isoform of arginase 
(depending on the type of tumor), while an inhibition of 
tumor growth is accompanied by a decrease in the 
expression and activity levels of arginase.61,66  

Nitric oxide synthase activity in peritoneal and blood 

leucocytes following EAC and E. coli treatment. 

There are three main isoforms of NOS, namely, 
constitutive (cNOS), including neuronal and endothelial 
NOSs and iNOS, which are highly induced by LPS, 
lipoteichoic acid, and proinflammatory cytokines.69 A total 
NOS activity was assessed in the leukocyte cytolasmic and 
mitochondrial compartments, in which all the NOS isoforms 
are presented (Chen, K., 2010). S.S. Greenberg et al., 1998; 
T. Wallerath et al., 1997).70.71.72 As shown in Fig. 5, on the 
11th day of EAC transplantation a total NOS activity 
increased by 2.4 and 2.3 times in the cytoplasm and 
mitochondria of PL, and 8.5 and 6.3 times in those of BL 
respectively  compared to control. It should be noted, that 
enhanced mitochondrial NO production and increased free 
radical generation, disrupt the electron transport system and 
mitochondrial permeability transition.73 NO may potentially 
de-energise mitochondria via inhibition of creatine kinase, 
aconitase, cytochrome c oxidase.69,74 Interestingly, in some 
cases involving proteins with N-terminal Cys, arginylation 
can happen only after nitric oxide-dependent Cys oxidation 
and such oxidation-dependent arginylation are likely to 
target proteins for degradation.75 E. coli decreased the NOS 
activity in cytoplasm up to basal values, whereas no changes 
in the NO production were detected in mitochondria of PL.  

 

 

 

 

 

 

 

 

 

Figure 5. Nitric oxide synthase activity in the peritoneum and 
blood following Ehrlich ascites carcinoma (EAC) and E. coli 
treatment. Data are expressed as M ± SEM, n=18. The confidence 
probability (p) of parameters evaluated for EAC-bearing mice 
compared to control; and p for E. coli-treated mice compared to 
untreated EAC-bearing mice. Peritoneal leukocytes (PL): 
cytoplasm - F=16.4, p<0.001; mitochondria - F=12.6, p<0.001. 
Blood leukocytes (BL): cytoplasm - F=32.5, p<0.001; 
mitochondria - F=28.3, p<0.001. Note: NOS activity was not 
determined in plasma. # p >0.05, * p <0.05, ** p <0.01, *** 
p<0.001.   

EAC-enhanced arginine level in the leukocytes appear to 
up-regulate a total NOS activity, particularly the iNOS, 
which in contrast with the cNOS is a high-output form 
strongly dependent on the presence of intracellular L-
arginine that is a rate-limiting factor in NO synthesis.76 As 
noted, peritoneal macrophages in ascites tumor-bearing 
animals express high levels of iNOS accompanied by 
overproduction of NO.17 The iNOS can produce NO for 
prolonged periods and contribute to excessive NO, which is 
the only biomolecule produced in high enough 
concentrations to out-compete SOD for superoxide and 
forming peroxynitite (ONOO

-
, PN), a potent oxidizing and 

nitrating agent that modifies tyrosine in proteins and creates 
nitrotyrosines leaving a footprint detectable in vivo.77 NO 
released from PL may interact with superoxide generated  
by extracellular NADPH oxidase, the activity of which was 
revealed in ascitic fluid and was about 28 % higher than that 
in serum of healthy mice, and 8-10 times higher than in the 
EAC cells on terminal stage of EAC.78 MnSOD and 
CuZnSOD are inactivated when exposed to simultaneous 
fluxes of superoxide and NO, and PN may inactivate the 
MnSOD via the direct reaction with the Mn center and a 
metal-catalyzed nitration of Tyr-34 in MnSOD.79  PN could 
be involved in the inactivation of T-cell receptor complex 
via nitration and subsequent inhibition of the protein 
tyrosine phosphorylation in purified lymphocytes and 
priming them to undergo apoptotic cell death after 
phytohemagglutinin or CD3-mediated activation.80  The 
presence of high levels of nitrotyrosine in T lymphocytes 
infiltrating human prostate carcinoma, suggests  production 
of PN.67  

Interestingly, population of circulating CD11b
+

IL-4 
receptor α+ (CD11b

+
IL-4Rα++

), inflammatory-type 
monocytes elicited by growing tumors and producing IL-13 
and IFN-γ contributing to stimulation of both ARG1 and 
iNOS that in turn are involved in the suppression of antigen-
activated CD8

+
 T lymphocytes.81 Notably, сNOS-derived 

NO could block the nuclear factor kappaB (NF-kB) 
activation and proinflammatory mediators release, vice 
versa iNOS/NO could stimulate these processes.82 This 
becomes even more important, since inhibition of NF-kB 
signaling in ARG1-expressing tumor-associated 
macrophages transformed them into tumor-cytotoxic 
effector cells.83 In addition, iNOS-derived NO may inhibit 
cNOS by a feedback mechanism through the formation of 
stable inhibitory ferrous nitrosyl complexes, whereas in case 
of the iNOS it appears weak.84  

E coli decreased the NOS activity in the cytoplasm up to 
basal values in PL, but no changes in the mitochondrial 
NOS activity were detected. It is not excluded that agmatine 
produced by E. coli may competitively inhibit in a dose-
dependent manner the activity of the three NOSs, and most 
potently the iNOS as it was demonstrated in macrophages.85 
Moreover, agmatine could be converted to putrescine and 
urea by agmatinase, and urea in turn may also contribute to 
the iNOS inhibition (vide supra). It should be further 
investigated, how the contribution of E. coli to nitrergic 
response of PL is related to the iNOS and/or the cNOS in 
EAC. At the same time, E coli stimulated a total NOS 
activity by 1.5 times in the cytoplasm of BL, and decreased 
it approximately twice in the mitochondria, in which,  
possibly, dominating cNOS was inhibited by iNOS/NO.  
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Thus, contrary to PL, E. coli may up-regulate both ARG1 
and cytoplasmic NOS activity in BL of EAC-bearing mice 
that might be mediated by LPS. It is documented that LPS 
as well as various inflammatory stimuli may increase the 
NO production and the expression and activity of iNOS and 
arginase in rodents.86,87

 

Subcellular changes in the NOS activity were associated 
with appropriate alterations in the levels of its products, 
stable metabolite of NO, nitrite and L-citrulline in the 
peritoneum and blood following EAC and E. coli treatment 
(Fig. 6 and 7, respectively).  

 

 

 

 

 

 

 

 

 

Figure 6. L-citrulline level in the peritoneum and blood following 
Ehrlich ascites carcinoma (EAC) and E. coli treatment. Data are 
expressed as M ± SEM, n=18. The confidence probability (p) of 
parameters evaluated for EAC-bearing mice compared to control, 
and p for E. coli-treated mice compared to untreated EAC-bearing 
mice. Peritoneal leukocytes (PL): cytoplasm - F=18.2, p<0.001; 
mitochondria - F=9.1, p<0.001; Blood leukocytes (BL): cytoplasm 
- F=27.8, p<0.001, mitochondria - F=12.7, p<0.001, plasma - 
F=58.8, p<0.001. # p >0.05, * p <0.05, ** p <0.01, *** p<0.001. 

 

 

 

 

 

 

 

 

 

Figure 7. Nitrite level in the peritoneum and blood following 
Ehrlich ascites carcinoma (EAC) and E. coli treatment. Data are 
expressed as M ± SEM, n=18. The confidence probability (p) of 
parameters evaluated for EAC-bearing mice compared to control, 
and p for E. coli-treated mice compared to untreated EAC-bearing 
mice. Peritoneal leukocytes (PL): cytoplasm - F=13.6, p<0.001; 
mitochondria - F=15.3, p<0.001; Blood leukocytes (BL): 
cytoplasm - F=26.4, p<0.001; mitochondria - F=24.5, p<0.001; 
plasma - F=37.4, p<0.001. # p >0.05, * p <0.05, ** p <0.01, *** 
p<0.001. 

Positive correlations between total NOS activity and L-
citrulline levels were determined in the cytoplasm (r=0.89, 
p<0.0001) and mitochondria (r = 0.78, p=0.0002) of PL, and 
in the cytoplasm (r = 0.97, p <0.0001) and mitochondria (r = 
0.92, p<0.0001) of BL, as well as between total NOS 
activity and nitrite levels in the cytoplasm (r=0.88, 
p<0.0001) and mitochondria (r=0.99, p<0.0001) of PL, and 
in the cytoplasm (r = 0.89, p<0.0001) and mitochondria (r = 
0.78, p=0.0002) of BL. 

It has been recently demonstrated that only modulating 
both enzymes arginase and NOS in vivo may reduce tyrosine 
nitration and restore responsiveness of tumor infiltrating T 
lymphocytes to human prostatic adenocarcinoma that was 
confirmed also on a transgenic mouse prostate model.67 We 
believe that the beneficial effect of the non-pathogenic E. 
coli strain is in part due to its antioxidant activity and 
associated impact on the mentioned enzymes in the PL. Our 
findings highlight also the importance of the subcellular 
location of arginine and arginine metabolizing enzymes as 
well as their substrate and products during EAC and 
bacterial treatment and should be further investigated.  

CONCLUSION 

In summary, we suggest that in the stationary to terminal 
phases of EAC an overproduction of ROS and an 
enhancement of L-arginine levels  occurred and 
accompanied by stimulation of the ARG1 and ARG2 and 
total NOS activity in the cytoplasm and mitochondria of 
both peritoneal and blood leukocytes. The most important 
novel finding of this study is that antitumor activity of non-
pathogenic E. coli EM0 strain appear to be associated with 
its inhibition of lipid peroxidation and differential 
modulation of L-arginine metabolic pattern depending on 
whether leukocytes are localized in the ascitic fluid or in the 
peripheral blood. After administration, E. coli was generally 
concentrated in the ascitic fluid and directly affected the 
surrounding cells including peritoneal leukocytes, in which 
the EAC-induced high activity of ARG1 decreased and a 
total cytoplasmic NOS and ARG2 were normalized. 
Negligible number of E coli were observed at sites remote 
of tumor which suggests its indirect effects, presumably via 
stimulation of LPS-mediated non-specific immune response 
associated with activation of both ARG1 and NOS in the 
cytoplasm of blood leukocytes in which they might 
contribute to inhibition of ARG2 and mitochondrial NOS, 
implicated in the reciprocal regulation of host antitumor 
response, and interfered with E. coli dissemination, as well. 
The data obtained should be taken into account in the further 
study aimed to use non-pathogenic E. coli strains in the 
therapy of ascites tumors. Overall, a precise understanding 
of indigenous bacteria impact on the arginine pathways in 
cancer may contribute to the development of more adequate 
therapy.  
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