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Abstract

Antineoplastons are naturally occurring cytodifferentiating agents. Chemically, they are medium and small sized peptides,

amino acid derivatives and organic acids, which exist in blood, tissues and urine. Antineoplaston A-10 (3-phenylacetylamino-2,6-

piperidinedione) is the ®rst chemically identi®ed antineoplaston. Previously we have shown a strong inverse association of

urinary antineoplaston A-10 with breast cancer. This study is designed to evaluate neutrophil apoptosis in patients with breast

cancer at time of diagnosis and to correlate urinary antineoplaston A-10 levels with neutrophil apoptosis and to describe the direct

effect of A-10 in vitro on neutrophil apoptosis in breast cancer patients. The participants were patients with a histologically

con®rmed diagnosis of breast cancer. Only those cases without previous treatment for breast cancer were included. Neutrophil

apoptosis was assessed in breast cancer patients both morphologically and by DNA fragmentation and studied relative to healthy

controls. Antineoplaston A-10 was measured using high performance liquid chromatography in urine samples collected from the

patients. Urine samples from normal women served as controls. Direct effect of antineoplaston A-10 on neutrophil apoptosis was

tested in vitro after adding A-10 at a concentration of 10 ng/ml to the cellular suspensions of breast cancer patients. Non-treated

samples served as controls. Signi®cantly higher neutrophil apoptosis levels were detected among patients with breast cancer with

a P value ,0.001. Urinary antineoplaston A-10 level is signi®cantly negatively correlated with high apoptosis levels

(P , 0:0001). In vitro, antineoplaston A-10 was found to inhibit signi®cantly the neutrophil apoptosis with a P value

,0.0001. These ®ndings con®rm the presence of immune defects among patients with breast cancer and such results should

stimulate the development of new strategies to induce and augment immunity for the treatment of breast cancer. Antineoplaston

A-10 may provide rational basis for designing trials to employ its immune modulatory potentials as adjuvant therapy in breast

cancer patients. q 2000 Published by Elsevier Science Ireland Ltd. All rights reserved.
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1. Introduction

Cell death in a multicellular organism can occur by

two distinct mechanisms, apoptosis or necrosis [1].

Apoptosis, a form of programmed cell death, is
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becoming recognized as an important mechanism by

which many cell populations and their functions are

controlled [2]. Apoptosis has distinct features which

include compaction of chromatin against the nuclear

membrane, cell shrinkage with preservation of orga-

nelles, detachment from surrounding cells and nuclear

and cytoplasmic budding to form membrane-bound

fragments, known as apoptotic bodies, which are

rapidly phagocytosed by adjacent parenchymal cells

or macrophages [3]. Apoptosis takes place during

emberogensis, in the course of normal tissue turnover

and after withdrawal of atrophic hormone from its

target tissue. Examples of apoptosis in adult somatic

cells include formation of keratinocytes, shedding of

the intestinal lining, atrophy of the prostate after

castration, regression of lactating breast after weaning

and the death of mature neutrophils [4]. Apoptosis is

essential in the homeostasis of normal tissues of the

body, especially those of the gastrointestinal tract,

immune system and skin. It has become clear that

regulatory mechanisms controlling programmed cell

death are as fundamental and as complex as those

regulating cell proliferation. Perturbation of signaling

cascade regulating apoptosis can result in a wide vari-

ety of human diseases, notably cancers. There is

increasing evidence that the processes of neoplastic

transformation, progression and metastasis involve

alterations in the normal apoptotic pathways. Failure

of cells to die in response to premalignant damage

allows the progression of the disease and maintains

the resistance of cancer cells to cytotoxic therapy [5].

Agents that promote or suppress apoptosis can

manipulate the disrupted balanced rates between cell

generation and elimination that occur in cancer. Simi-

larly, they can control cell survival and cell death

pathways during a productive immune response

against cancer. Neutrophils play a pivotal role in

tumor immunology [6]. Neutrophil apoptosis seems

to be a critical event in cancer development [7].

Therefore, a potential target in cancer treatment is to

manipulate this event.

Antineoplastons are naturally occurring cytodiffer-

entiating agents. Chemically, they are medium and

small sized peptides, amino acid derivatives and

organic acids, which exist in blood, tissues and

urine. Antineoplaston A-10 (3-phenylacetylamino-

2,6-piperidinedione) is the ®rst chemically identi®ed

antineoplaston [8].

This study is designed to evaluate neutrophil apop-

tosis in patients with breast cancer at time of diagnosis

to determine if difference in immunity exists between

breast cancer patients and control, to correlate urinary

antineoplaston A-10 levels with neutrophil apoptosis

and to describe the direct effect of A-10 in vitro on

neutrophil apoptosis in breast cancer patients.

2. Materials and methods

2.1. Patients and controls

The participants were women between 30 and 67

years of age who had a histologically con®rmed diag-

nosis of breast cancer. Only those cases without

previous treatment for breast cancer were included.

All of the age-matched controls had no history of

cancer or any other breast diseases.

2.2. Preparation of blood neutrophils

Neutrophils were isolated from peripheral blood of

patients and healthy controls by a combination of

dextran sedimentation and centrifugation through

discontinuous plasma percol gradients as described

by Haslett [9]. Brie¯y, freshly drawn venous blood

was citrated (4.4 ml of 3.8% sodium citrate to 10 ml

blood) and centrifuged at 3000 rev./min for 20 min at

208C. The plasma was aspirated and divided into two

volumes, one was centrifuged at 2500 rev./min for 10

min for production of platelet poor plasma (PPP) and

the second volume was calci®ed by adding 20 mM of

calcium chloride to prepare platelet rich plasma

derived serum (PRPDS). To the red and white cells

remaining in each tube, 5 ml of 6% dextran (500 000

mol wt) in 0.9% saline were mixed gently and then

allowed to stand for 30 min for sedimentation of

erythrocytes. The leukocytes were aspirated, centri-

fuged at 2750 rev./min for 6 min, resuspended in 2

ml PPP and the suspension was underlayered with 2

ml of 42% percol in PPP, then followed by 2 ml of

51% percol in PPP. The neutrophils were then aspi-

rated from the interface of the 51 and 42% percol.

2.3. Culture of neutrophils

Neutrophils prepared as described above were

resuspended in an appropriate volume of RPMI
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1640 medium with 10% autologous PRPDS and 100

ml/ml of penicillin and streptomycin. The suspension

in culture tubes was incubated at 378C in 5% carbon

dioxide. The age of neutrophils in the culture was

calculated at the start of culture at time zero (base

line), 24, 48 and 72 h.

2.4. Assessment of cell viability

At time zero and then at subsequent times, cells

were removed from culture and counted on a hemo-

cytometer. Cell viability was determined by Trypan

Blue dye exclusion test.

2.5. Assessment of neutrophil apoptosis

The apoptotic neutrophils in culture were assessed

both morphologically and by agarose gel electrophor-

esis.

2.5.1. Morphological assessment of apoptosis

At time zero and after 72 h, cells were removed

from each culture, harvested on slides, ®xed in metha-

nol, and stained with:

1. May Grunwald Giemsa [10] and examined by oil

immersion light microscope. Five hundred cells/

slide were examined. Neutrophils were considered

apoptotic if they exhibited the highly characteristic

morphological features of chromatin aggregation,

condensed and fragmented nuclei, decrease cell

size, loss of membrane integrity and cytoplasmic

vaculation [11].

2. Acridine orange stain (AO). One drop of cell

suspension was added to one drop of AO solution

(10 mg/ml in phosphate buffer saline), mixed

gently on a slide, and immediately examined with

an Olympus BH-2 microscope with ¯uorescence

attachment. The produced green ¯uorescence was

detected between 500 and 525 nm. Cells exhibiting

bright ¯uorescent condensed intact or fragmented

nuclei were interpreted as apoptotic cells [12].

2.5.2. Agarose gel electrophoresis for DNA

fragmentation assay

Assessment of chromatin fragmentation of neutro-

phils was done by modi®cation of methods previously

used for thymocytes [13]. Cells were lysed by adding

0.5 ml of cell suspension to lysis buffer [4.5 ml of Tris±

HCl buffer (pH 8.0), 20 mmol of EDTA and 0.2%

Triton X-100]. After standing for 1 h, the lysate was

centrifuged at 3500 rev./min at 48C for 20 min to sepa-

rate high from low molecular weight chromatin. The

supernatants were collected into tubes and precipitated

with one volume of 5 m mol/l of NaCl and two volumes

of absolute ethanol. The DNA was precipitated for 24 h

at 408C. The precipitate was centrifuged at 2500 rev./

min at 68C for 15 min. The pellet was resuspended in l

ml of 10 m mol/l of Tris±HCl buffer (pH 8) containing

100 m mol/l EDTA and 0.1 m mol/l of sodium dodecyl

sulfate. Proteinase K was added to a ®nal concentration

of 20 mg/ml and the sample was incubated for a further

24 h at 378C. The DNA was extracted with phenol and

chloroform and reprecipitated with absolute ethanol.

The pellets were dissolved in 20 ml of lysis buffer and

10 ml of RNase. Each sample of the puri®ed DNA (20

ml) was subjected to electrophoresis in 1% agarose gel

containing 30 mg/ml ethidium bromide and was visua-

lized under ultraviolet light. Size of fragments were

con®rmed by reference to a 1-kb DNA ladder

(Gibco/BRL). Cells undergoing programmed cell

death exhibited DNA fragmentation and appeared as

ladder pattern [14].

2.6. Detection and determination of A-10 in urine

Urine (25 ml) was puri®ed by Amberlite XAD-2

resin by washing with water (100 ml £ 2), 100 ml
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methanol:water (1:1) and ®nally 100 ml pure metha-

nol. The last two fractions were evaporated under

reduced pressure at 358C. The produced residues

were spotted on thin layer chromatography (TLC)

and high performance thin layer chromatography

(HPTLC) and developed in a solvent system (1-buta-

nol:glacial acetic acid:water; 4:1:1 v/v). The devel-

oped plates were visualized under short UV lamp.

The Rf was determined as 0.63 in comparison with

an authentic sample from A-10 [15]. The ®nal resi-

dues were spotted on HPTLC and the concentration of

each spot was determined by CAMAG TLC scanner

(Wilmington, NC).

2.7. Effect of antineoplaston A-10 on neutrophil

apoptosis in vitro culture

At time zero and according to a dose response curve

(data not shown), neutrophils in culture were incu-

bated with 10 ng/ml antineoplaston A-10. Non-treated

samples served as controls.

2.8. Statistical analysis

The student t-test is used to examine the difference

between neutrophil apoptosis in breast cancer patients

relative to their healthy controls. Also, to examine the

difference between neutrophil apoptosis levels in anti-

neoplaston A-10, treated and non-treated samples of

breast cancer patients. Spearman's rank correlation

analysis was used to evaluate the relation between

urinary antineoplaston A-10 level and neutrophil

apoptosis levels. A P value of ,0.05 was considered

signi®cant.

3. Results

3.1. Neutrophil apoptosis levels in breast cancer

patients and controls

Apoptosis of neutrophils as assessed both morpho-

logically and by DNA fragmentation of 28 breast

cancer patients was studied relative to 28 healthy

controls. Readings after 72 h of culture were recorded.

Signi®cantly higher neutrophil apoptosis levels were

detected among patients with breast cancer with a P

value ,0.001 (Fig. 1).

3.2. Correlation between neutrophil apoptosis and

urinary A-10 level in breast cancer patients

The correlation coef®cients between urinary anti-

neoplaston levels and neutrophil apoptosis levels in

the same 28 breast cancer patients were estimated by

Spearman's rank correlation analysis. Urinary A-10

level is signi®cantly negatively correlated with high

apoptosis levels with a P value ,0.0001 (Fig. 2).

3.3. Effect of antineoplaston A-10 on neutrophil

apoptosis in breast cancer patients

Neutrophil apoptosis was assessed after adding

antineoplaston A-10 to the cellular suspensions of

42 breast cancer patients at a concentration of 10

ng/ml. Non-treated samples served as controls. Read-

ings after 72 h of incubation were estimated. A-10,

treated and non-treated samples when compared, anti-

neoplaston was found to inhibit signi®cantly the

neutrophil apoptosis with a P value ,0.0001 (Fig. 3).

4. Discussion

Neutrophils play a pivotal role in tumor immunol-

ogy. Several reports indicate that these cells are

capable of mediating the lysis of leukemic cells as

well as solid tumor cells [6,16±19]. The neutrophil

response to mediate tumor cell lysis includes the

generation of reactive oxygen intermediates [20]

and/or the release of lytic molecules prepacked in

their granules [21,22]. The lysis of tumor cells by
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neutrophils also was shown to be enhanced by various

cytokines [23,24].

Impaired functions of neutrophils have been

encountered in different types of tumors. In patients

with lung cancer, neutrophil chemotaxis was signi®-

cantly lower than healthy volunteers [25] and signi®-

cant alteration of neutrophil phagocytosis was found

in colorectal adenocarcinoma patients at time of diag-

nosis [26]. In breast cancer, spontaneous TNF-alpha

production by neutrophils was lower, compared with

that found in healthy persons. Similarly, stimulated

neutrophils of cancer patients produced signi®cantly

lower amounts of TNF-alpha compared with that

produced by neutrophils of healthy controls [27].

The different abilities of neutrophils to release TNF-

regulatory proteins (TNFRs) has been shown and this

appears to con®rm neutrophils participation in TNF-

mediated reactions of the host during malignant

process [28]. Furthermore, the respiratory burst of

neutrophils could serve as a prognostic parameter in

head and neck cancer [29].

Neutrophil apoptosis seems to be a critical event in

cancer development. IL-2 maintain the viability of

neutrophils by preventing these cells from apoptosis

and in vivo depletion of mature granulocytes resulted

in adenocarcinoma growth, thereby con®rming a

direct role for IL-2 activated neutrophils in tumor

cytolysis [7]. Changes in apoptosis of neutrophils

with aging could play a role in the increased incidence

of certain immune system related pathologies of

aging, such as cancer [30].

Apoptosis, is an active, genetically controlled

process that removes unwanted or damaged cells.

Suppression, overexpression or mutation of a number

of genes which orchestrate the apoptotic process are

associated with disease. The diseases in which apop-

tosis has been implicated include those with increased

cell survival with inhibition of apoptosis and those

with excess cell death where apoptosis is overactive.

Cancer and apoptosis are related in many ways. In

particular, defective apoptosis may permit the persis-

tence of damaged or mutated cells that would other-

wise have been deleted. On the other hand, apoptosis

controls cell survival and cell death pathways during

effective immune response against cancer. A potential

target in cancer treatment is to manipulate such path-

ways. Our ®nding of high neutrophil apoptosis levels

in breast cancer patients suggest that neutrophil apop-

tosis may be a feature of neoplasia and identify a

potential new target for apoptosis-based therapy in

breast cancer. Antineoplastons are naturally occurring

cytodifferentiating agents. Chemically, they are

medium and small sized peptides, amino acid deriva-

tives and organic acids, which exist in blood, tissues

and urine. Antineoplaston A-10 is the ®rst chemically

identi®ed antineoplaston. The reported inhibitory

effect of A-10 on various tumor cells suggests a poten-

tial bene®t for the treatment of human cancers with

such agent [31±35]. In the study of Tusda et al. [34],

the antineoplastons were less toxic than conventional

chemotherapeutic agents and they were useful in

maintenance therapy for cancer patients. A-10 signif-

icantly inhibited the growth curve of human breast

cancer serially transplanted to athymic mice [35].

Such activities of A-10 coupled with the low toxicity

and novelty of basic A-10 structure provide an excit-

ing possibility of developing a new class of clinically

useful antineoplastic drugs with minimal side effects.

Here we describe its immune modulatory poten-

tials. Urinary A-10 levels were signi®cantly nega-

tively correlated with neutrophil apoptosis.

Furthermore, it signi®cantly inhibited neutrophil

apoptosis when tested in vitro. Taken together, these

®ndings con®rm the presence of immune defects

among patients with breast cancer and such ®ndings

should stimulate further studies to develop the use of

immunity as a potential tumor marker or as a prog-

nostic indicator and should stimulate the development

of strategies to induce and augment immunity for the
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treatment of breast cancer. Antineoplaston A-10 may

provide rational basis for designing trials to employ its

immune modulatory potentials as adjuvant therapy in

breast cancer.
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