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Alterations of immune mechanisms in mammals following sxposure to
{onfzing radiation have been described (i). It has been reported that i{n vitro
exposure of pooled hurnan serum gamma globulin (HSGG) to maseive doses of
ionizing radiation results in the production of molecules electrophorstically
and meunologi:aily distinct irom the original protein (2, 3). Therefore anti-
bodies stimulated by radiation altered HSCGG (anti-XI-HSGC) were used to detect
specific antigens in the serum from esven patients who received total body

{rradiation {or malignancy.

MATERIALS AND METHODS

Selaction of Subjects. Sera from seven patients (Table 1) wers studied. The

paticnts were in relatively good nutritional status with a stabdble hemogram.
Each subject served as his own control. Serum was collacted during a pre-
frradiation control period of two weeks and at several times post-irradiation.
Although pre-irradiation samples were known, post-irradiation sera were
coded and were identified as to the time interval post irradiation only after
comnpletion of all analyses.

Radiation. The gamma radiation was delivared by a Co-60 Teletherapy unit
with the beam directed horisontally and with the patient midline at 282 ¢m {rom

the source, The beam area for the 50 per cent iso0dose curve at the patient
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midlize distance was a square approximately 70 cm x 70 con.  The patients
wera exposed bilaterally in a sitting position with legs raised and head tilted
forward. Patients received total-midline air doses of 149 to 238 roentgens
(absoried coses of 100 - 150 rads) siven at an air dose rate of 8 roentgens/
minute. A detam;d description of the dosimetry and radiation conditions
pertairing to -u‘aj;cu included in this ctudy rmay ba found in (4).

—lood zarum collection. Elood was obtained by veripuncture and allowed to

clot, The serum was separated by centrifugation, decanted and stored at
'5° Co

Preparation of immune serum. Female and castrated male goats under

prolonged Lirnmunization with Xe-irradiated #HSGG were used for anti«XI-HSGG
production. Complets details for the preparation of XI-HSGG antigen and
immunization schedule and blood collection may be found in an sarlier report (2).

Absorption of immune serum. Pooled apti-XI-HSGG from three goats was

incubated with 50 pg of HSGG jrotoln N/ml of antiserum for 2 hours at 38° C
and overnight at 5° C. The antiserum was separated from the precipitate by
Tepeated centrifugation until only nagligible precipitation resulted on subsequent
additions of HSGG, Sera wers preserved in 0. 01% Maerthiclate and {frosen until
used. All analyses were periormed with the sams anti-X1-HSGG. Fifty ml of
this antiserum was further absorbed with 1.0 ml of a patient's pre-irradiation
serum befors precipitin tests on that patient's serum were performed. There-
fore base line:values differed batwees subjects 80 quantitative comparisons

betwean patients were not mads,




Quantitative pracipitin tasts., Comiplete cuitila of the quantitative immuro-

chemical techriques :may be found in Xabat ard 2izyer (5). In the titrations
each sample of patient serum was uscd as wuti;ea and was diluted serially to
t ~ 04 with phosziaate buffer 0.15 M, ;4 7.6, One ml of abgorbed anti-XI«
H5GG was added t;:: 1.0 ml of this diluted serum and incubated at 38° C for 2
hours and overnigi:t at 5° C. Aptizea-anticody precipitates were analyzed

for protein N by the Lowry modification of the Folin=Clocaltsau procadure {(6).
Control antizen-antiserum procipitate N values were subtracted from the total

antigen-antibody precipitate N, The highest precipitate N value obtained {rom

8 aample was used in the plotted data.

RESULTS

Figure 1 illustrates thes changes in N precipitated from anti-XI-HSCG
by the sera of six human patients before and after a single sxposure to total
body irradiation. The amount of precipitata N rose immediately following
irradiation and fell to the pre-irradiation level in about five days. Within
thirty days post-irradiation there 'wu a decreass in precipitate N which was
followed by a sscond rise. Two subjects, #037 and #027, showed the decrease.
but were not followed beyond thirty days.

Figure 2 shows the results from one patiant who received a total dese
of 150 rads delivered in fractions of 50 rads on day 0, day 2 and day 10. The
precipitate N rose steadily, psaked on the twentieth day post-irradiation, asd

then declined slowly, approacking the base line thirty days after treatmest.
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Figure 1, Total N precipitated (rom antl-XI-HSGG by serum from
six pationts given total body irradiatiosn in a single exposure.
Figure 2. Total N precipitated .rom arti-X1-HSGG by serum from

pstient given total body irradiation in three fractions of 50 rad each.




MICROGRAMS PRECIPITATE N

l

e PRE-IRRADIATION

o POST-IRRADBIATION
—= AYG. PRE-IRRADIATION N VALUES
t EXPOSURE DAY

R RAD

PR UNEE DA NN TR S SR S S

o

|

-10

0. 10 2 30 4
DAYS PRE & POST-(RRADIATION

50




Th= acimmals uscd in this study ware handied in accordance
with the “Principles of Laboratery Aniznal Care' establisheg
by the National Cocizaty for Miedical Research.
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DISCUsSSION

The data show that whed 3era from patients treated with a single dose
of tatzl-body irradiation is tosted againat anti-X1-HSGG by the quantitative
nrecisitin metiod a biphasic ircrease in precipitats N occurs within fifty days.
A comparison of the data in Figures 1 and 2 at:own that a peak responss acd
subsequent decline a;;pcara to be reacked at 2 slower f;tt when the total dody
frradiation is fractiopated.

The immediats rise in £33 bizhasic curvas which occur within five days
sugzests that irradiation directly modilies proformed protein -.e as to alter its
spaclficity, that it causes increased relsase of preexistent molecules specific
for anti-XI-HSGG into the serum, or that toth {actors may bs operativs.
However, the subsequent decline in pracipitata N, to below base line levels,
praceding the second elevation sujzzeats temporary inbibition of protein synthesis,
High pra-irradiation cosptrol valuca, along with the abservation that serum {rom
non-irradiated humans {ros of neoplasia precipitated anti-XI-ESGG (7) is further
evidence to support ths above assumption, Furthermors, these high contrel
values rule out neoplasia as the sole contributing slament to ths precipitate N
base lines.

The bipbasic appearance of C, and C reactive protein (CRP) in rabbits,
monkeys and man after irradiation shows certain similarities to the results
reported here (8, 9, 10). However, in this study, CRP did not precipitate
arti-X1-HSGG nor was thore any corralation betwsen the data in Figure | and

rarallel semigquantitative titrations for CRP.




The observations described abtove cannot be explained {ully ai this time.
*Jowever, contizuing efiorts in this direction Lave provided some evideance
which indicstec that Sefum macro;iobulins may be the specific protein involved.

Txperiments are currently underway to {investigate this aspect and will be

reported 2t a later date.

SUMMARY
In the quanltitative precisitin reaction antl-X1-HS5GGS is precipitated by
sera collacted [rom seven paticnts at various times befors a.ad after treatment
with total body radiation. The d2ia ar: inaufficient to determine whether the
effects described are dus to a direct eifect on praformed protains asd/or an
effect on the rate of synthesis of pre-existirg protein. These studies may
provide an approach to a better understarnding of radiation-altered tmmuno-

logic mechanisms in hurnan beings.
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