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INTRODUCTION

According the general scope of the "Coordinated Program

On Cell Membrane Probes as Biological Indicators in Radia_

tion Accidents"; our I.A.E.A. Contract N° 2175 concentrated

its attention on the effect of low doses of irradiation on

Lymphocytes and Mast cells receptors.

The Project started in 1978 and renewed in 79 and

1980, the partial results and methods in full length are

in previous reports; here we will summarized them and draw

the general conclusions from this three years work.

As a general introductory reroarck we must stress that

in the past the effect of irradiation on the immune system

has been extensibly investigated. It has been searched for

morphological or physiological injuries of the system as a

whole and in isolated cells; looking for loss of viability,

alterations in theirs structures, loss of functional

capabilities and evidences of injuries to subcellular components.

But the complexity of the immune system makes difficult to

determine the location and the extent of the primary injury

that disturbs the normal homeostasis of the immunological

function. In each immune event,1where several cell popula-

tions are involved, the cell membrane receptors play a key role

_



giving the posibilities of cooperation, migration,

recognition and trafic changes upon antigen stimulation.

Therefore, it is possible to postulate that irradiation

may affect the normal immune response inducing changes on

membrane structures, beside of more currently studied

injuries such as interphase death, inhibition or delay

of DNA synthesis, cromosome breakage or interruption of

normal biochemical pathways. High radiosensitivity, these

changes may be specially relevant in immunobiology. At

the present time, radioinduced changes have been reported

in patch and cap formation of surface immunoglobulin, or

antigens after combination with the specific antiooay, or

lectin binding lymphocytes avidity.

Whith the I.A.E.A. support we have been studing the

effect, of low doses of irradiation on membrane immunoglo-

bulin on mouse, humans and rabbit lymphocytes, this last

two types of cells were studied for the irradiation effect

on the Fc and Fab portion of the IgG molecule.

In mast cell we studied the radiation effect on the

binding capacity of Fc receptors for heterologous IgG. And

last we start fixing the techniques in order to study the

radiation effect on human lymphocyte subpopulation, in

cancer treated patients.



METHODS

- Detection of surface Immunoglobulins (s-Ig) Mouse

Lymphocytes; Mouse lymphocytes were obtained from

cervical and axilar lymph nodes of 2 month old RK

mice. The nodes were teased in Hank Salt Solution

(HBSS), the cells washed and submitted or not to

irradiation; then experimental and control tubes

were incubated for different lenghts of time at

370C in a water bath, and stained with the appropiate

Fluorescein labeled antisera at the required concentra

tion. When direct immunofluorescense was used, the

conjugated serum employed was FITC Kaobit anti Hou&e

IgG (Behring, 1'arburg FRG) and with indirect immuno-

fluorescent the first antibody was Rabbit anti Mouse

IgG (Miles-Yeda Rehovot Israel) and Mouse anti Rabbit

IgG (Miles-Yeda Rehovot Israel) as a second fluorescein

labeled antibody. The cells were incubated with the

specific antisera for the membrane receptors for 20

minutes at 40C, washed 3 times, and the preparation

either was examined for stained cells or in the case

of the indirect technique was submitted to a second

incubation with the labeled antisera under the same



conditions. The stained cells were determined with

a. Zeiss Fluorescence Microscope and the results were

expressed as a percentage of positive cells of the

control over the irradiated preparation.

In experiments were human B cells were used,

lymphocytes were isolated as descrived later and B

cells were partially purified by T cell resetting.

In same experiments also Rabbit LN cells were
«

used, in both cases the irradiation and staining

procedings were similar to those in mice. The sera

used in this last two types of experiments were Goat

IgG anti Fc or Fab of human or rabbit IgG.

- Mast-cell degranulation

The mast-cells were obtained from the peritoneal

cavity of normal RK mice two month old, the procedure

employed was to wash the abdominal cavity with 2 ml

of HBSS plus 100 UI of Heparine per ml. The collect-

ed cells were washed by centrifugation resuspended

in HBSS containing O.It of Bovine Sero Albumin (BSA).

The mast-cells were partially purified from the

contaminant cells allowing them to stick to a cover



glass for 1 hour at 370C in a humid chaniber. The

glasses were washed and submitted or not to irradia_

tion; after this procedure, the glasses were

incubated at 370C for 15' with different doses human

immunoglobulin that binds to the mast-cell by the Fc

portion of the molecule (6) the cover glass was

washed and subsecuently incubated with an anti human

Imraunoglobulin (Rabbit anti human IgG; Miles-Yeda) in

order to induce degranulation. After this second

incubation the glasses were washed, fixed with ethanol

containing 1% of Formalin and strained with toluidin

blue at C.1%. The preparation was observed uiiüer light

microscope and the percentage of degranulated cells

was evaluated.

Isolation of human lymphocytes and detection of T and

B cells.

Lymphocytes were obtained from peripheral blood of

either normal donors or patients with carcinoma of the

cervic uteri. The blood was taken with heparin (10 UI/

ml), diluted 1:2 in HBSS and layered on a ficoll-hypaque

solution (density 1.077), the gradient was centrlfuged

at 90Og for 30 minutes, the lymphocytes harvested from



the interphase ring and subsecuently washed.

For normal donors, the cells were divided in a

control sample and an irradiated experimental one.

After irradiation and incubation at 370C for different

lenght of time the lymphocytes were mixed with Sheep

Red Blood Cells (SFBC) in a proportion 1:50.000, in

presence of 25% of Fetal Calf Serum (FCS). The prepara_

tion was centrifuged at 40Og,-incubated for 20 minutes

at 40C the rosette forming cells caunted. The results

were expresed as the percentage of positive cells of

the control sample over the irradiated experimental

one.

In the cancer patients the different subpopulations

of lymphocytes were evaluated before, during and after

the intracavitary curietherapy. The T cell detection

was done in the same way as described above. For B

cell the Immunobeads (Biorad. Lab., U.S.A.) were used

Briefly, 50 ul of lymphocytes at a concentration of

3 x 10 cell/ml were mixed with 10 ul of the appropiate

immune-beads preparation; the preparation was centri-

fuged at 40Og for 3 minutes, incubated for 20 minutes

at 40C, resuspended, stained with toluidin blue and

the percentage of cells that bind specifically more

than three antibody coated beads were quantified.



Irradiation

The irradiation was performed with a X-Ray tube

operated at 80 KV or at 120 KV and 2 mm of Pyrex

glass filter. Dose rate at the place of the sample

was determined by conventional Frike Dosimetry.



RESULTS

I. RADIATION INDUCED LOSS OF S-IgG OF ACCESSIBILITY.

As it Ccin be seen from Fig 1 our essential

finding is the decrease in stainability of lymph-

node cells with FITC-IgG following irradiation.

It can be seen that the effect is dose dependent.

In these experiments the cells where incubated for

10' at 370C after irradiation.

Since membranes are dynamic system we studied

the evolution of the radiation induced loss of

accessibility at times between O and 180 minutes.

Fig. 2 shows the time course of the effect for

an irradiation with 9,5 rad. at a dose rate of 7,12

rad/min, here we found a deep loss of S-IgG accessî

bility after 10 minutes incubation which was partially

recovered after 30 minutes incubation with a remaining

damage holding for at least 3 hours. From Fig. 1 and

2 it can be seen that there is a sensitive effect of

irradiation on S-IgG accessibility and that part of

the effect is transient.



At this stage it was interesting to test if

this loss of accessibility can be described as

disappearance of IgG molecules from the cellular

surface. Herefrom, we tested irradiated cells

with increasing concentrations of FITC-anti-IgG

and the results shows that with 100 ug/ml more

cells were stained in comparison to the results

obtained with 50 ug/ml. Furthermore, increasing

of FITC-anti-IgG concentration (200 ug/ml) provides

no additional labelled cells. Over the whole range

of concentrations tested no change in the number of

stained control cells (29 - Or5%) was detected.

After this previous experiments we reinvestigated

the dose response for a dose rate of 7,12 rad/min and

an incubation time of 10 minutes at 370C. For this

experiment the cells were labelled for 20 minutes

at 40C.

Fig. 3 shows the dose response curve of the system.

The timing of the effect evolution (Fig. 4) shows that

there is a transient loss of S-IgG which reappears

partially after 30 minutes incubation.
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In order to be able to speculate about the

possible mechanism involved in the transient loss

of stainability of B cells receptors we tested

the effect of different chemical compounds on the

observed. From the biochemical action of each drug

we can infer some characteristics or requirements of

this radiation induced membrane effect.

a) Effect on the disappearance phase: As can be

seen in Fig. 5 the metabolics inhibitors 2-4 DNP

and Na Azide abolishes the process. In Fig. 6 is

possible to see vinblastine, colchisine, db-cAMP

and lidocain also inhibit the dissapearance phase

of the process. The phenomenon was unaffected by

cyclohexamide (20 ug/ml).

From experiments described we could speculate

about the mechanism of the process:

1. The process is energy dependent, since 2,4-DMP

is known to be.an uncoupler of oxidative pho£

phorylation and Na Azide inhibitor respiratory

chain.
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2. The process is dependent on intact micro-

tubular -system. This idea is supported

mainly by the sensitivity to colchisine

and vinblastine.

The effect of db-cAMP on lymphocytes may

be interpreted as proposed by Lichtenstein (7)

as a c-AHP induced facilitation of microtubular

disgregation. This interpretation would be on

line with the hipothetized dependence of an intact

microtubular system. It must be noted that for

the c-AMP action as cytoplasmic modulator there

are also other possible interpretation.

Being the actions of local anesthesics mainly

an increasing of membrane fluidity and volume,
t i

membrane depolarization, and displace Ca from

the membrane (8), its action stresses the participa_

tion of the membrane itself in the process.

Schreiner and Unaune (9) stresses the importance of
J..L j, j

Ca displacement effect of local anesthesics. Ca

would be important for the linkage of cytoceletal

structures with membrane components. Thus, local
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anesthesias such as lidocaine would disrupt the

anchoring of cytokeletal components to the mem-

brane. The null effect of cyclohexamide in the

process, implies that no protein synthesis is

involved.

b) The process of reappearance of S-IgG has been

studied by adding the same drugs to irradiated

cells in which have already lost their stainability.

The drugs were given to cells already incubated

for 10 minutes and incubated for further 20 minutes.

Fig. 7 shows that this process is independent

of the presence of 2,4-DNP, or colchicine.

These experiments suggest that the reappearance

process is a passive one, not requiring metabolic

energy or microtubular integrity.

The strong dependence of radiation induced

peroxydation of artifitial phospholipid membranes

(1) and lipid miscelles (2) on dose rate stresses

the importance of low dose rate effects on radia-

tion induced membrane changes.

This lead us to test the dose rate dependence

of the effect. Herefore we irradiated cells at
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different dose rates and tested the presence of

s-IgG with the indirect immunofluorescens staining

technique. The first antibody was applied at a

dilution of 1/100 and the second antibody at a

dilution of 1/200.

As can be seen in Fig. 3 the effectivity of

irradiation increases strongly with decreasing dose

rate.

II. Radiation Effect on Mast-Cell Degranulation.

The effect shown on s-IgG of Lymphocytes are

probably the reflect of radiation induced changes in

the membrane as a general structure. In order explore

if there are other mensurable consequences, we tested

the radiosensitivity of the mast-cell degranulation

capacity. Mouse mast-cell can bind Human IgG (H-IgG)

by its Fc portion (6) Mast-cells with H-IgG bound can

be induced to degranulate by crosslinking the H-IgO

witn anti H-IgG.

Irradiated and non-irradiated cells were treated

as described before and the degranulation percentage
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was calculated for irradiated and control samples.

Fig. 9 shows that irradiation causes a decrease

in the capacity to degranulate which is dose-dependent.

The ability to degranulate starts to become depressed

at a dose of 9.5 rad.

The experiments could be interpreted a loss of

mast cell ability to bind H-IgG. To test this

possibility we performed experiments where control and

irradiated samples were treated with increasing concentra_

tions of H-IgG. As can be seen in Fig. 10, The effect

of irradiation can be abolished by increasing the H-IgG

concentration, which is in line with the interpretation

that some receptors, but not all, are lost from the

roast-cell membrane after irradiation.

III.Effeet of irradiation on the Human T cell ability to

form Sheep Red Blood Cell (SRDC) rosettes.

The irradiation causes a transient disrainution

of the ability of human T Lymphocytes to form SRBC

rosettes. As can be seen in Fig. 11, the best effect

is obtained when the cells are incubated after irradia
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tion for 5 minutes at 370C. In the sama way as with

murine B cells, in the human T subpopulation the

effect of irradiation, disminishes with further incubia

tion.

IV.Changes in Lymphocytes subpopulation of patients with

carcinoma of the cervix uteri, submitted to intra-

cavitary curietherapy.

The patients submitted to local irradiation show

great changes i-n their lymphocyte population from the

day that the radiant treatment starts. As can be seen

in Table I two general observations are consister.t:

an increase of the percentage of B circulation cells

and a decrease of the T subpopulations. In the B

population the most striking changes take place in

those cells bearing IgA receptors.
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TABLE I

Percentage of different types of B cells and total

T cells in a group of cervix—uteri carcinoma patients

before arid after curieterapy.

Cell. B
totals

CeI. B
IgA

CeI. B
IgG

CeI. B
IgM

Cell. T
totals

% x before
irradiation

7.2

11.4

12.0

35.8

% x after
irradiation

15.4

17.4

20.0

24.2

% Post-radium „ , „ft
% Pre-radium

230.8

152.6

166.6

67.5

In summary the present study show that radiation

at low doses produce an effect on the cell membrane,

mensurable by a decrease in the ability to bind anti-

immunoglobulins, SRBC, and the Fc portion of human

Immunoglobulin. The dissapearance phase of the
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phenomenon depends on metabolic energy, raicrotubular

structures and c-AMP levels, appears also to be

independent on the protein synthesis. It dependence

on the dose-rate suggest to be the result of a chain

reaction at membrane level.

The implicances of transient or permanent

changes in lymphocytes or other leukocytes membranes

are considerable, since most of the physiological

behivor of this cell types depends on the membrane

propertis.

V. Effect of irradiation on binding ability of antibodies

directed against the Fc and Fab of the receptor

molecule.

The radiation induced loss of stainability of

Human and Rabbit B cells with anti Fc and Fab portion

of Human and Rabbit IgG receptors respectively was

tested. To test if the phenomenon observed involves

partial intemalization of the receptors, work in

progress indicate that for Rabbit lymph nodes B cells

there is a greater loss of stainability in cells
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incubated with anti Fc portion of Rabbit IgG as

compared with the corresponding cells labelled with

anti Fab.

As can be seen in Table II, similar results

could be found with Human cells.

These preliminary results can be interpreted

as an indication that what we are seen as loss of

stainability is a partial intemalization of the

s-IgG protein synthesis. The loss of stainability

with anti IgG seen in our experiments seems to be

the expression of an radiation induced internaliza-

tion of S-IgG as can be hypotetized by the higher

sensitivity obtained with Fc as compared with anti

Fab.



TABLE II

Relative percentages of stained Lymph Node Cells from

Rabbit labelled with anti-Fc and anti-Fab antibodies.

Time of

Incubation

Staining antibodies anti Rabbit IgG

Anti Fab Anti Fc

5 minutes 124,5 - 23 76,8 - 12

10 minutes 90,6 - 15,3 70,0 - 9
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Fig. 3. Dose effect curve at a dose rate of 7.12 rad/

Eiin. Incubation at 37*C for 10 minutes. Anti

IgG concentration for labelling 200 mg/ml.
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disappearance of S-IgG. Drugs were given just

before beginning incubation at 370C for 10
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significant effect no control values.

The given values are percentage of stained cells

referred to cultures with the same drugs treatment

but not irradiated. Each experiment has an irra-

diated control without drugs incubated for 10

minutes and 30 minutes. Points represent the

arithmetic mean ± standard derivation.
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beginning incubation at 370C for 10 minutes.

Treatment with the drugs alone had no signi-
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Control and irradiated aliguots were incubated

for 10 minutes. At this time point drugs were
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this 20 minutes the S-IgG reappears.

Treatment with the drugs alone had no signi-

ficant effect on control values.

The given values are percentage of stained cells

referred to cultures with the same drugs treat-

ment but not irradiated. Each experiments has

an irradiated control without drugs incubated

for 10 minutes and 30 minutes. Points represent

the arithmetic mean of at least 3 independent

experiments. Standard derivation is given.
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of s-IgG expression. Cells were incubated for

10 min at 370C after irradiation and labeled

with indirect immunofluorescence method.
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