
The technique for labeling isolated blood cells with
lipophilic chelates of indium- 111 is now widely used
experimentally and clinically to follow noninvasively cell
kinetics and their localization in the body (1â€”10).In
dium-1 11, a commercially available, cyclotron-produced
radionuclide, has a half-life of 67 hours and decays to
stable cadmium with emission of two gamma photons:
at 173 keV (89%) and 247 keV (94%). The half-life is
long enough to permit monitoring of cell migration, but
short enough to avoid long-term residual radiation. The
two gamma photons are detected efficiently by gamma
camera, so that not more than 500 @iCiof In-i 11 need
to be injected into a patient. Generally 10 billion platelets
or 100 million leukocytes (containing 70-80 million
neutrophils and 20â€”30million lymphocytes) are used.
Within the labeled cells, most of the In- 111 binds irre
versibly to cytoplasmic or nuclear components
(11,12).

Indium-i 1i emits Auger electrons ranging in energy
between 0.6 to 25.4 keV and having a short tissue-pen
etration range between 0.025 to 12.55 zm (13). When
100 million lymphocytes are uniformly labeled with 20
@sCiof In-i 11, each lymphocyte receives, on average,

â€œ-â€˜2600atoms of radioactive indium. Waters and Si!
vester have calculated that the radiation dose to a neu
trophil, resulting from the decay of a single In-! 11 atom,
is 0. 135 rad (13). Ignoring the size differences between
the neutrophil and lymphocyte, lymphocytes would then
receive (2600 X 0.135) or 350 rad for a 20-zCi dose to
100 million cells. At higher radioactive concentrations
this dose would increase proportionately. Therefore,
when 100 million leukocytes, accompanied by 20-30
million lymphocytes, are labeled with 500 @iCi,the In
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111 lymphocytes should receive 8750 rad. If the inter
cellular or intracellular distribution of the radionuclide
is not uniform, then the radiation dose per lymphocyte
would be even higher.

Lymphocytes are more susceptible to radiation

damage than any other circulating blood cells. Unique
in morphology, lymphocytes are heterogeneous and have
been separated functionally into a spectrum of subpop
ulations. With a life span of a few days to years, lym
phocytes play many critical roles in the immune system.
Differentiated lymphocytes carry immunologic memory
sometimes for many years. Some lymphocytes have the
capacity to circulate and recirculate, reentering the
bloodmany times through the lymphatic system.Upon
interaction with specific antigens, they undergo trans
formation or blastogenesis (14), dividing into more cells
with the same specific function, including replication of
DNA.

Recently much attention has been drawn to the pos
sible consequences of radiation damage to lymphocytes.
ten Berg et al. reported increased chromatid and chro
mosomal aberrations in lymphocytes separated from two
human donors and labeled with In-i 11 oxine (15).
Without added radioactivity, 3% and 14%of unlabeled
cells were abnormal. At a concentration of 30 @CiIn-i 11
per 100 million lymphocytes, 54% of cells were abnor
ma!. At 80â€”90zCi per 100 million cells, 90â€”92%were
abnormal, equivalent to the changes produced by 200 rad
ofx-radiation (16). At 300 .iCi per 100 million cells, all
lymphocytes were abnormal. Since this publication, some
investigators have raised ethical questions about the use
of In- 1i I-labeled cells beyond animal research (15),
whereas others are not concerned, and many have con
tinued their clinical studies (17). To assess the risks in
volved, we will attempt to summarize the pertinent facts
about the chromosomal aberrations and oncogenic po
tential of irradiated lymphocytes.
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CHROMOSOME ABERRATIONS AND THEIR ETIOLOGY

Chromosomes are long strands of deoxyribonucleic
acid (DNA) in a double-stranded helical configuration
(18). Each human lymphocyte has 46 chromosomes in
23 pairs. Each chromosome contains about 100,000
genes, and each gene about 1000 nucleotides (19).
Chromosomes, with their large molecular structure,
undergo complex reactions during their duplication,
segregation, and differentiation (19). Their structure can
be altered by many physical and chemical reactions.

Two types of chromosomal abnormalities are de
scribed: (a) chromosomal breakage, and (b) changes in
chromosome number. Both of these cause genetic dis
turbances in the cell. Agents that cause chromosomal
breaks are â€œclastogensâ€•and those causing numerical
changes are â€œmitoticpoisonsâ€•(20).

There are four types of alterations due to chromosome
breaks: fragments, minutes, rings, and dicentrics (21).
Fragments result from simple breaks across the chro
mosome, while minutes are usually produced from two
breaks close together. Rings are the result of exchange
between two breaks on the chromosome. Dicentrics re
sult from an exchange between two broken chromo
somes, yielding a chromosome with two centromeres and
an acentric fragment. The first three kinds of aberrations
involve changes within a single chromosome and result
in the loss of a chromosome fragment at mitosis. If the
loss is large, it will be lethal. Ifthe loss is small, however,
the cell may be viable and transmit the deficiency to the
daughter cell. Dicentric aberrations, involving two
chromosomes,areusually lethal. SinceDNA dominates
the growth and differentiation of the cell, alterations in
DNA strands may be serious and can lead to mutations
or oncogenesis.

â€œSpontaneousâ€•aberrations have been found in all
normal populations, the incidence varying with age,
geographic location, and smoking habits (22). In general
populations, dicentric aberrations increase linearly with
age (about 17/ 100,000 cells per decade) and the mci
dence at age 50 is about 140/100,000 cells (23). In one
report, out of 57 â€œnormalâ€•individuals, 33 (57.8%)
showed some type of aberration (24).

Lubs and Samuelson (25) studied 3,720 lymphocyte
metaphases from ten normal adults and found 1-20% of
cells with one or more breaks. Nichols et al. observed
10% to 20% chromosome breaks in four of 11 control
cultures (26). Littlefield and Goh (27) recently corn
pleted a cytogenetic analysis of 11,950 lymphocyte
metaphases in 122 cultures from ten control men, and
17,759 lymphocyte metaphases in i83 cultures from 2i
women living in New Haven, Conn. They observed in
5.6% rnetaphases from men and in 6.5% metaphases
from women at least one chromosornal aberration.

Many therapeutic agents and diagnostic procedures
induce chromosoma! aberrations. These include che

motherapeutic drugs, x-rays, and radiation therapy (28).
The frequency of chrornosomal aberrations in periph
eral-blood lymphocytes has proven useful in assessing
the magnitude of accidental exposure to whole-body
radiation (29). In patients undergoing angiography,
receiving an average absorbed dose of about 50 rad,
significant changes in chromosomes and micronuclei
have been detected in lymphocytes compared before and
after the radiation exposure (30). In vitro exposure of
lymphocytes to angiographic contrast media for 30 mm
without any radiation exposure also induced such
changes.

Clastogenic effects (chromosomal breaks) are pro
duced by numerous other chemicals. The industrial
toxicants have entered into our ecological system through
the air, water supply, beverages, and food. They include
food additives, pesticides, plastics, suspensions, dusts,
and aerosols. Air toxicants have been added by way of
fossil fuels for home heating, energy generation, air

planes, and motor vehicles, as well as through pollutants
from manufacturing, mining, smelting, and refining.
Increasing air concentrations of sulfur oxides, nitrogen
oxides, hydrocarbons, and depletion of ozone in minute
quantities have induced marked chromosomal aberra
tions (31). In the United States alone, more than 900
different pesticides are used in thousands of mixtures and
in ton quantities. They and their degradation products

are disseminated from their reservoirs and subsequently
into atmosphere. Polycarbonated biphenyls (PCBs),
2,2-bis-(p-chlorphenyl)-1 ,1,1-trichloroethane (DDT),
and 2,2-dichlorovinyldimethylphosphate (DDVP), all
contaminate our air and cause extensive chromosome
aberrations (31).

Relatively excessive quantities of certain metal ions
such as platnium2+, nickel2+, and recently cadmium2+
(>1 14.2 @ig/i05cells/rn!) also have been shown to be
mutagenic to mammalian cells in culture. These effects
have been shown to be associated with single-strand
scission of DNA (32).

RELATION OF CHROMOSOMAL ABERRATIONS AND
ONCOGENESIS

Notwithstanding the existence of chromosomal ab
normalities in unirradiated â€œnormalâ€•individuals, ra
diation increases both the number of these abnormalities
in blood cells and other tissues, and the incidence of
malignancies. The former may be regarded as a â€œbio
logical dosimeterâ€•for the latter. Chromosome translo
cations can be caused by radiation, and similar translo
cations are found in certain malignancies, particularly
in Burkitt's lymphoma. There is no evidence, however,
that the increased incidence of chromosomal abnor
malities in blood cells is anything more than a â€œbiological

dosimeter.â€•
A large proportion of the radiation damage to chro

mosomes is repaired spontaneously within 30 to 90 mm
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(33). Nevertheless,somechromosomalaberrationsmay
persist for many years. For example, one group of
spondylitic patients who had received 1500 rad of par
tial-body irradiation (whole spine and sacroiliac joints)
was followed for 20 yr by Buckton et a!. (34). The
cytogenetic changes in blood lymphocytes persisted
during the entire period, but with progressively de
creasing frequency. The cytogenetic damage was prob
ably induced in the stem cells of the irradiated marrow.
These authors considered the relation between the cell
damage and increased frequency of malignancies an
enigma (34).

Early investigators of human chromosomes thought
that aberrations were initiating events of the neoplastic
process (35). Recently, however, Levan concluded that
most chromosomal disturbances do not lead to cancer
(35â€”36).Nowell believed that it was impossible to
identify which individuals will eventually develop leu
kemia on the basis ofchromosomal abnormalities (37).
Furthermore, he regarded aberrations in a single analysis
as insufficient evidence that an individual is at risk. Fi
nally he considered chromosomal aberrations produced
by radiation, viruses, or chemicals as relatively crude
indicators of genetic and carcinogenic consequences. Of
course, no aberrant chromosomes are desirable, but their
incidence is ubiquitous.

In-III LYMPHOCYTES AND ONCOGENESIS

In clinical studies with In-i 11 mixed-leukocyte sus
pensions, generally a maximum of about 30 million
lymphocytes are labeled. When isolated lymphocytes are
used, a maximum of 1billion cells are labeled (38). Upon
reinjection, the labeled cells are dispersed in an estimated
total lymphocyte pool of 1 trillion in an adult human
(39). Hencethe percentagesof cellsexposedto internal
radiation are approximately 0.003% and 0.1%, respec
tively. Even if all these lymphocytes had abberant
chromosomes, these numbers add little to the percentage
of abnormal lymphocytes already existing in the body.
Nonetheless, some workers believe malignancies may
represent the progeny of a single abnormal cell (40).

In subjects given In-i i 1-labeled mixed leukocytes for
abscesslocalization,the averagecell receivesmorethan
8000 rad, an excessive dose for lymphocyte killing (41).
From the experiments of Vos, lymph-node cells receiving
approximately 6000 rad die immediately (42). A review
of animal data suggests that blood lymphocytes are
somewhat more radioresistant than those ofother tissues,
and transformed metabolically active cells are more
resistant than resting ones (43). Some authors have

found a â€œresistantâ€•subpopu!ation of T lymphocytes,
whereas others have not (44). Less than 1% ofT cells can
proliferate in response to alloantigens after 370 rad
(44). The single-dose D0 for human blood lymphocytes
in different in vitro studies in the literature varies from
50 to 550 rad (45). The corresponding D0 for lympho

cytes exposed in vivo from radiation accidents is about
210 rads. In patients undergoing extracorporeal irra
diation, the estimated D0 for blood lymphocytes is
300â€”380rad (43).

Rannie et a!. have pointed out already that the risk of
oncogenesis Is small even for lymphocytes labeled with
In-i 11 (5). Is it possible to give even a crude estimate of
this risk? The age-standardized rate of deaths from
cancer is about 1665/yr per million of population (46).
Based on the linear-nonthreshold hypothesis, the excess
fatal cancers from low-LET radiation averaged over a
period of 28 yr is about 5.8 per million of population per
rad/yr, as derived from follow-up studies of Japanese
A-bomb survivors (47). The absolute risk of fatal leu
kemia in the population is averaged at 1.72 per mu
lion/yr/rad kerma (48). The incidence of excess lym
phoma is about 47%, and excess multiple mye!oma is
about 11%of the excess leukemia incidence. The latent
interval before radiogenic lymphoma and multiple
myeloma become apparent is 20 yr or more (49). As
suming that the risk of radiogenic leukemia is about 1.0
per million population/yr/rad (absorbed dose), the cx
cess risk of a!! hematologica! malignancies should be
about 1.6. Over a remaining lifetime period of 30 yr, the
risk becomes 48 per million population/rad.

If oncogenesis is directly related to the incidence of
chromosomal abnormalities in lymphocytes, the excess
risk of lymphoid malignancy from In-i 11 should be
similar to that of the x-ray dose producing equivalent
chromosoma! abnormalities. From the data often Berge
(15), 90 j@CiIn-i 11 per iOO million lymphocytes pro
duce chromosomal damage with the same frequency as
200 rad of x-radiationâ€”i.e., about 90% abnormal cells
(16). For this dose ofx-radiation to total body, the excess
risk of hematological malignancy during a 30-yr lifetime
should be 9600/million population. In keeping with the
hypothesis that somatic mutation is the initial step in
radiation-induced malignant transformation, the number
of cells irradiated is as important as the radiation dose
(50). When only 100 million cells (=0.01% ofthe total
body lymphocytes) are labeled with 100 @tCiof In- 111,
the equivalent excess risk of fatal hematological malig
nancy over 30 yr should be 0.Oi% of 9600/million, or
about one per million population.

The available data on oncogenetic effects of ionizing
radiation in man were obtained from irradiation of the
total body, or relatively large areas of the body. It is
generally assumed that leukemogenesis originates from
the stem cells of the marrow rather than from peripheral
leukocytes (50). The induced leukemia may be acute or
chronic myelogenous or monocytic; on the other hand,
no increase in chronic lymphocytic leukemia has been
demonstrated in any irradiated human population
(50).

One report indicates that the liver and spleen both
receive about 20% of the In-i 1i at 24 hr after the ad
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plasm of the lymphocyte, thereby reducing the particu
late radiation to the cell nucleus.

In the meantime, we agree with ten Berge et al. that
more studies are needed on the fate of irradiated pe
ripheral-blood lymphocytes. However, the data now
available indicate that:

1. Chromosome damage does result from the labeling
of lymphocytes with radionuclides.

2. Although a fraction of irradiated peripheral-blood

lymphocytes are capable of proliferating in vitro, their
mean survival time in circulation is extremely short.

3. With the administration of labeled lymphocytes,
the increased burden of chromosomal aberration is rel
atively small compared with that induced by other en
vironmental causes.

4. The risk oflymphoid malignancy due to different
types of chromosome damage appears to be small, and
is acceptable.

5. For short-term migration studies, pure lympho

cytes should be labeled with no more than iOO @Ciof
In-i 1i per 100 million cells.

6. Lymphocytes incidentally labeled with In-i ii in
mixed leukocyte preparations for abscess localization are
killed by the radiation and pose no long-term risk.

7. The information to date indicates that studies with
In- I I 1-labeled blood cells need not be suspended.

ACKNOWLEDGMENTS

The authorsacknowledgethe helpfulsuggestionsof Dr. VictorBond
of the Brookhaven National Laboratories, Dr. James Adelstein of
HarvardMedical School, Dr. John Waggstaffof Universityof Man
chester, England,Dr. Michael Mennutiofthe Universityof Pennsyl
vania, and Dr. David Goodwin of Stanford University, California.
JGM acknowledgesthe supportof NIH Grant No. CA 32853.

REFERENCES

1. MCAFEE JG, THAKUR ML: Survey of radioactive agents
for in vitro labeling of phagocytic leukocytes. I. Soluble
Agents:JNuclMed 17:480-487, 1976

2. MCAFEE JG, THAKUR ML: Surveyof radioactiveagents
for in vitro labeling of phagocytic leukocytes. II. Particles: J
NuciMed 17:488-492,1976

3. THAKUR ML, COLEMAN RE, WELCH Mi: Indium-i 11-
labeled leukocytesfor the localization ofabscesses: Prepara
tion and analysis, tissue distribution and comparison with
gallium-67 citrate in dogs. J Lab C/in 89:217â€”228,1977

4. THAKURML, WALSH L, MALECHHL, et al: Indium
111-labeled human platelets: improved method, efficacy and
evaluation. J Nucl Med 22(4):38 1â€”385,1981

5. RANNIE GH, THAKUR ML, FORD WL: An experimental
comparison of radioactive labels with potential application
to lymphocyte migration studies in patients. Clin Exp Im
munol29:509â€”514,1977

6. THAKURML,LAVENDERJP,ARNOTRN,etal: Indium
11 I-labeled autologous leukocytes in man. J Nucl Med 18:
1014â€”1021,1977

7. WAGSTAFFJ, GrnsoN C, THATCHERN, et al: Human
lymphocyte traffic assessed by Indium-I 11 oxine labeling:
clinical observations. C/in Exp Immunol 43:443-449, 1981

ministration oflabeled leukocytes (51). In addition, some
In-i 11 radioactivity from labeled leukocytes localizes
in the erythropoietic marrow. From quantitative
whole-body scans at 3 and 24 hr, about 20% of the ad
ministered activity is located in the spleen, 20% in the
liver, and 20% in the marrow (unpublished data, Fueger
GF and Nicoletti R). This estimate of marrow concen
tration is higher than in previous reports (52), and would
result in a diffuse marrow radiation dose ofO.95 rad/500

@Ci(calculated from MIRD â€œSâ€•factors). Using the
same distribution data, lymphocytes with a long resi
dence time in the spleen would receive 9.0 rad/500 .tCi,
and those in the liver I .5 rads/500 MCi. To assess the
possible consequences of this diffuse radiation dose to
marrow and blood organs, one should recall the results
of long-term follow-up studies of radioiodine therapy in
hyperthyroid patients. The marrow dose from 1-131 in
802 patients treated to achieve euthyroidism averaged
13 rad, and the blood dose, 16.6 rad (53). Several fo!
low-up studies of such patients have not detected an in
creased incidence of leukemia. For example, Pochin
found 18 cases ofleukemia compared with an expected
incidence of 12 to 28 in 59,200 patients (54).

ten Berge et al. showed that some labeled lymphocytes
with damaged chromosomes were capable of prolifer
ating after stimulation in vitro (15). After a labeling dose
of 150 @iCiIn- 111 per I00 million lymphocytes, 93% of
cells had chromosomal aberrations, but their prolifera
tive capacity in cultures was reduced only 50%. Oh
viously, proliferation of lymphocytes in vitro could not
be equated to malignant transformation in vivo. What
would be the fate of such irradiated cells in vivo? From
extracorporeal shunt irradiation of blood before renal
transplantation, a high incidence of chromosomal ab
ciTations was demonstrated in PHA-stimulated cultures
with doses of 300-380 rad (43). In this situation, most
of the radiation dose to the cells was delivered instan
taneously during their initial transit through the shunt.
Some cells were immediately killed in interphase and
about half failed to undergo mitosis. Kinetics of the ir
radiated circulating cells, based on the chromosomal
aberrations as marker, showed a mean residence time in
the blood of only 2 mm. Because of this rapid removal,
the aberration yield per lymphocyte was unchanged
compared with the yield before irradiation. No lym
phopenia was induced, so that the damaged cells must
have been replaced rapidly by normal lymphocyte
turnover. These findings were confirmed in a subsequent
study of irradiated human lymphocytes obtained by
thoracic-duct cannulation (55). Chromium-S i-irradi
ated cells localized rapidly in the reticuloendothelial
organs.

CONCLUSIONS

One alternative for the future is the development of
new agents that label only the cell membrane or cyto

Volume 25, Number 8 925



THAKURAND McAFEE

8. GOODWIN DA, BUSHBERGJT, DOHERTY PW et al: In
dium-lil-labeledautologousplateletsforlocationofvascular
thrombi in humans. J Nucl Med l9(6):626-634, 1978

9. PETERS AM, SAVERYMUTU SH, R@v@ HJ, Ctal: Imaging
of inflammation with Indium-ill tropolone labeled leuko
cytes. J Nuci Med 24:39-44, 1983

10. GAGNE G, GARCIA AM, MCAFEE JG: Different migratory
patterns ofblood, splenic, thymic lymphocytes, T and NK cells
labeled with In-li I tropolone in rats. J Nucl Med 25:P42,
1984

11. THAKUR ML, SEGAL AW, LOUIS L et al: Indium-il 1-
labeled cellular blood components: Mechanism oflabeling and
intracellular location in human neutrophils. J Nuci Med
18:1022â€”1026,1977

12. HUDSONEM, RAMSEYRB, EVATr BL: Subcellularlo
calization of indium-i 11 in Indium-l 11-labeled platelets. J
Lab C/in Med 97:577â€”582,1981

13. SILVESTER DJ, WATERS SL: Dosimetry of radiolabeled
blood cells. In: JNucl Biol 10:141â€”144,1983

14. WILLIAMS WL, BUTLERE, ERSLEVAJ, ed.Hematogy,2nd
Edition, New York, McGraw Hill Book Co. 1977, p 71 and
p 845.

15. tenBERGERJM, NATARAJAN AT, HARDEMAN MR. et
al: Labeling with Indium-I I 1 has detrimental effects on
human lymphocytes: concise communication. J Nuci Med
24:615â€”620,1983

16. VAN BULL PPW, NATARAJAN AT: Chromosomal radio
sensitivity of human leukocytes in relation to sampling time.
Mutation Research 70:61-69, 1980

17. MARCUS CS: Re: Labeling with In-I 11 has detrimental
effects on human lymphocytes.J NucI Med 25:406, 1984

18. VALENTINEOH: TheChromosomeDisorders:An Intro
ductionfor Clinicians.Third edition, Philadelphia,J. B.
LippincottCompany,Chap. 1

19. FREESEE: Molecular Mechanism ofMutation. Chemical
Mutagens. Principles and Methods ofTheir Detection. Vol.
I, Hollaender A., ed. New York, Plenum Pub. Co., 1971

20. NATARAJANAT, OBEG: Mutagenicity testingwith cul
tured mammalian cells: Cytogenetic assay. In Mutagenicity,
New Horizons in Genetic Toxicology. Heddle JA, ed. New
York, Academic Press, 1982, pp 173-177

21. EvANSHJ: XVIII Actionsof RadiationsonChromosomes,
Scientific Basis of Medicine. Ann Rev, 321-339, 1967

22. BAUCHINGER M: Chromosome aberrations in human as a
quantitative indication of radiation exposure. In Mutagen
Induced ChromosomeDamagein Man. EvansHJ, Lloyd DC,
ecis.NewHaven,YaleUniversityPress,9:267,1978,Chap.9

23. TONOMURA A, KISHI K, SAITO F: Typesandfrequencies
of chromosome aberrations in peripheral lymphocytes of
general populations.In Radiation-InducedChromosome
Damage in Man. Ishiharo T, Sasaki MS. ed. New York, Alan
R.Liss,Inc.,1983,pp605-616

24. NATARAJAN AT, VAN BULL PPW, RAPOSAT: An eval
uation of the use of peripheral blood lymphocytes system for
assessing cytotopical effects induced in vivo by chemical
mutagens. In Mutagen-Induced Chromosome Damage in
Man. Evans HJ, Lloyd DC, eds. New Haven,Yale University
Press,1978,pp268-269

25. LUss HA, SAMUELSONJ: Chromosomeabnormalitiesin
lymphocytes from@normal human subjects. Cytogenetics 6:
402-411,1967

26. NICHOLS WW, LEVAN A, KIHLMAN BA: Chromosome
breakageassociatedwith virusesand DNA inhibitors.In
Cytogenetics ofCells in Culture. Harris, RJC, ed. London/
NY, Academic Press, 1964, pp 255-271

27. LITTLEFIELDGL, GOH KO: Cytogenetic studies in control
men and women: I. Variations in aberration frequencies in

29,709metaphasesfrom305culturesobtainedoverathree
yearperiod.CytogenetCellCenet12:17-34,1973

28. BURRJA, WALD N, PAN S, et al: The synergisticeffectof
ultrasoundandionizingradiationofhumanlymphocytes.In
Mutagen-Induced Chromosome Damage in Man. Evans Hi,
LloydDC,eds.NewHaven,YaleUniversityPress,1978,pp
120â€”127

29. SASAKI MS: Use of lymphocytechromosomeaberrations
in biological dosimetry: possibilities and limitations. In Ra
diation-Induced Chromosome Damage in Man. IshiharoT,
Sasaki MS, eds. New York, Alan R. Liss, Inc., 1983, pp
585-604

30. ADAMS FH, NORMAN A, MELLO RS, et al: Effect of ra
diation and contrast media on chromosomes. Work in prog
ress. Radiology 124:823â€”826,1977

31. FISHBEINL: Principlesandmethodsfor their detection.In
Chemical Mutagens, vol. 4. Hollaender A, ed. New York,
Plenum, 1976,Chapter 42.

32. OCHI T, OHSAWAM: Inductionof6-thioguanineresistant
mutants and single-strand scission of DNA by cadmium
chlorideinculturedchinesehamstercells.MutationResearch
111:69â€”78,1983

33. BURRJA,WALDN, PANS.etal: Thesynergisticeffectof
ultrasoundandionizingradiationofhumanlymphocytes.In
Mutagen-Induced Chromosome Damage in Man. Evans HJ,
LloydDC,NewHaven,YaleUniversityPress,1976,p 127

34. BUCKTON KE, SMITH PG. COURT BROWN WM: The es
timation oflymphocyte life span from studies on male treated
with x-rays for ankylosingspondylitis. In Human Radiation
Cytogenetics. Evans Hi, Court Brown WM, McLean AS, eds.
Amsterdam,North HollandPublishingCompany,1967,pp
106-114

35. PURCHASEIFH: Chromosomalanalysisof exposedpopu
lations: A review of industrial problems. In Mutagen-Induced
Chromosome Damage in Man. Evans Hi, Lloyd DC, eds.
New Haven, Yale University Press, 1978, pp 258-267

36. LEVAN A: Chromosomal abnormalities and carcinogenesis.
FrontiersBiol15:716â€”731,1979

37. NOWELL PC: Biological significance of induced human
chromosomeaberrations,Fed Proc28, pp 1797-1803,1969

38. WAGSTAFF J, GIBSON C, THATCHER N, et al: A method
for following human lymphocyte traffic using indium-l I 1
oxine labeling. C/in Exp Immunol 43:435-442, 1981

39. SPRENTi: B and T cellsin Immune Recognition.Loor F,
Roelants GE, eds. Chichester-New York-Brisbane-Toronto,
JohnWileyandSons,p66

40. GOULD MN: Radiation initiation ofcarcinogenesis in vivo:
a rare or common cellular event. In Radiation Carcinogenesis:
Epidemiology significance. Boice JD, Jr, Fraumeni iF, Jr,
eds. New York, Raven Press, pp 347â€”358, 1984

41. SEGALAW, DETEIXP.GARCIAR, et al: Indium-i 11 la
beling ofleukocytes: A detrimental effect on neutrophil and
lymphocyte function and an improved method of cell labeling.
JNuclMed 19:1238-1244,1978

42. ANDERSON RE, WARNER NL: Ionizing radiation and the
immune response. Adv Immunol 24:215â€”335,1976

43. FIELD EO, SHARPE HBA, DAWSON KB, et al: Turnover
rate of normal blood lymphocytes and exchangeable pool size
in man, calculated from analysis of chromosomal aberrations
sustainedduring extracorporealirradiationofthe blood.Blood
39:39â€”56,1972

44. SPRENTJ, ANDERSONRE, MILLERJFAP: Radiosensi
tivity of T and B lymphocytes II. Effect of irradiation on re
sponseofT cells to alloantigens. Eur J Immunol 4:204-2 10,
I974

45. SHANK B, ANDREEFF M, LI D: Cell survival kinetics in
peripheral blood and bone marrow during total body irra

926 THE JOURNAL OF NUCLEAR MEDICINE



ADJUNCTIVE MEDICAL KNOWLEDGE

diation for marrow transplantation. Int J Rod Onc Biol Phys
9:1613â€”1623,1983

46. JABLON S: Epidemiologic perspectivesin radiation carci
nogenesis.In Radiationcarcinogenesis:Epidemiologyand
Biological Significance. Boice JD, ir, Fraumeni iF, ed. New
York,RavenPress,1984,pp 1â€”8

47. National Academy of Sciences, The effects in populations of
exposure to low levelsof ionizing radiation: 1980. National
AcademyPress,Washington,DC, 1980

48. KATZH, SCHULLWJ: Studiesofthe mortalityof A-bomb
survivors 7. Mortality 1950â€”1978:Part I. Cancer mortality.
Radiat Res 90:395â€”432,1982

49. FINCH SC: Leukemia and lymphoma in atomic bomb sur
vivors.Radiation carcinogenesis. In Epidemiology and Bio
logicalSignificance. BoiceJD, ir FraumeniiF, Jr., eds.New
York,RavenPress,pp 37-44, 1984

50. MOLE RH: Radiation-induced leukaemia in man. In Ra
diation-Induced Leukamegenesis and Related Viruses. Du

plan, JF, ed. Amsterdam/New York/Oxford, Nocth-HoHand
PublishingCompany,1977,pp 19-36

51. GOODWIN DA, FINSTON RA, SMITH SI: The distribution
and dosimetry of In-Il 1 labeled leukocytes and platelets in
humans. In the Third InternationalRadiopharmaccutical
Dosimetry Symposium, pp 88-101, US. Dept. of Health and
HumanServices,1980

52. WILLIAMS LE, FORSTROML, WEIBLENBi, et al: Human
dosimetryof In-i 11 granulocytes.J Nuci Med 2l:P86,
1980

53. GREENM, FISHERM, MILLER H, Ctal: Bloodradiation
dose after â€˜@â€˜Itherapy of thryotoxicosis. Calculations with
reference to leukaemia. Br Med J 2:210â€”215,1961

54. POCHINJE: Lcukaemia following radioiodinetreatment of
thyrotoxicosis. Br Med I 2:1545-1 550, 1960

55. EDGRENi, WEBERTH: Radiation sensitivityof lympho
cytes from human blood and from the thoracic duct. Acta
Radiol15:177â€”182,1976

October 11â€”14,1984 Monterey, California
Doubietree inn and Monterey Convention Center

ThefollowingRefresherCourseswill bepresented:

RefresherCourses

RI ClinicalSPECTImaging Paul @ber

R2 QualftyAssuranceforSPECT L. StephenGraham

R3 Overviewof TumorImaging David Goodwin

R4 TheComputerin NuclearMedicineâ€”Updateon DynamicImaging MichaelGoris

R5 Prospectsof RadioimmunoimagingandTherapy Sally DeNardo

R6 Applicationsof Microcomputersin NuclearMedicine MichaelGraham/DavidLilien

R7 A CrfticalReviewof RenalFunctionQuantitationbyScintigraphy Gary Gates

R8 EvalUationof BenignBone Disorders Philip Matin

R9 Pathogenesisand Treatmentof Hyperthyroidism JosephKriss

RIO ClinicalApplicationsof RadlonuclideCardiacStudies:
Their Relationto availableModalitiesand to EachOther

Elias Botvinick/
Barry Massie
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