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SUMMARY OF EXPERIMENT

A study is proposed to quantitate the effects of negative pions on cells involved
v“in both cellular and humoral immune responses.

Experiments will assay primed and unprimed T cells as well as primed and unprimed
B cells. With a hapten-carrier system, T cell function will be assayed by means
of carrier recognition, and B cell function will be followed by enumeration of
cells that synthesize antibody against the hapten.

For the cellular immune response, the action of negative pions in inactivation of
cells capable of mediating cytotoxicity against transplanted plasmacytomas will be
studied, Imrune spleen cells will be taken from immunized donors and transferred,
together with viable myeloma cells to a second recipient. Pion inactivation will be
quantitated on the basis of diminished ability of irradiated immune cells to abrogate
outgrowth of the transferred myeloma.

Pions from both peak and plateau will be used to generate dose-survival curves for
each class of immunocompetent cells. These results will be compared with survival
curves generated by conventional Cobalt-60 gamma rays. Data from this study will
provide valuable REE comparisons for the action of pions on immunocytes at the tumor
site, as well as for estimating pion effects in intervening tissue included in

the radiation field.
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PROPOSAL INFORMATICN

Beam Area: Biomedical.

Beam Requirements  Negative Pions.
& Type of Particle:

Field Size: 5 X 5 cm.

Dose Rate: 30 - 40 rads/min., Minimum.

Other beam requirements are within those necessary for adequate radiotherapy.

Running Time Required: Intermittent usage is requested, comprising 50 hours.

Scheduling: Beginning October, 1975.

Major LAMPF Apparatus Required: None.
Shielding and Enclosures Required: NONE.
Special Services Required: Animal care for approximately 150 mouse cages.

(This is a maximum estimate, and no more than 50
cages need be maintained at the laboratory site.)

Space required: Laboratory space in the Biomedical Facility will be adeguate.

SPECIAL APPARATUS TO BE FABRICATED BY LAMPF: None.

IDENTIFICATION OF HAZARDS ASSOCIATED WITH THE EXPERIMENTAL APPARATUS AND
PRECAUTIONS TO BE TAKEN: None.

10924585 00133362.003
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RESEARCH PLAN

"A. Introduction:
?1. Objective: To obtain quzntitative information about effects of negative pi mesons
"on cell popuiations involved in immune responses.

2. Backarourd: a. HMNegative Pi Mesons. Because of their unique distribution of dose
: with depih, negative pi mesons (negative pions or pions) hold promise as an improved
modality for treatment of huran neoplasms (1). The depth-dose profile consists of an
- entrance plateau of relatively constant dose with depth, followed by a dose peak
.which may be 2}; to 3 times greater than the entrance plateau, depending on the momen-
tum spread of incident particles. For monoenergetic pions the entrance plateau re-
sults principally frem ionizations produced by repulsion of orbital electrons (2).
" The dose peak, on the other hand, results from capture of pions by nuclei of the
absorbing material. The nuclear cross section is quite low for piens in flight, but
increases as they come to rest (2). The negatively charged pion is attracted to a
positively charged nucleus, displaces an outer orbdital electron of the capturing atem,
. cascades dovnward and is ultirately captured by the atemic nucleus (4). Of the pion's
. 140 MeV rest mass, about 40 MeV is expended overcomina the binding energy of the
nucleus, thus about 100 MeV is deposited within the capturing nucleus, causing it to
“virtually explode into several densely ionizing fragments (5). These fragments are
- called stars from their appearance in photcgraphic emulsion.

: Nuclear fragments in the stopping or star region, may have associated LET values of
as great as 1,000 keV/u--calculations indicate that 25% of the dose results from
“events with associated LET's of 20 keY/u or areater (4). Thercfore, not only is the
physical dose maximized at depth, but the mode of its distribution provides a differ-
-ential RBE at depth. The RBE of plateau dose is assumed to be about 1, whereas in
. the peak, RBE values in the range of 2.5 have been reported {6). Previously, pure
. high-intensity pion beams have not been available for determining killing effects
on cells, a necessary experimental base for beginning clinical trials. The Los
Alamos Meson Physics Facility (LAMPF) is now in final construction and includes a
biomedical beam line with necessary facilities for carrying out clinical pion therapy,
as well as radiobiological experimentation. At this writing beam intensity from the
i biomedical beam line is anticipated to be 50-60 rads/min for a 3 x 3 cm field during
i the July-August 1974 run cycle for the accelerator.

. e

| Pretherapeutic experiments with pions from this laboratory (CA 13371-02, "Preclinical
i Study of Radiobiology of Megative Pions") will beain at LAMPF at that time. These

! experiments, part of a planned integrated pretherapeutic effort at LAMPF, will de-
flineate biological depth dose distributions of pions for hematopoietic and immuno-

i competent stem cells. Experiments outlined below are designed to follow this initial
-work with quantitative determination of the action of negative pions on the various

; cell populations that participate in both cellular and humoral immune responses.

b. Immune Responses. Specific immune responses, i.e., those which involve the

| recognition of foreign antigens, followed by a reaction directad against these same
jantigens, are mediated by lymphocytes (7). Antigens such as those found on bacterial
'or foreign erythrocyte surfaces elicit formation of antibody; this is termed the

- humoral response. 1In contrast, foreign tissue or organ grafts, including tumors, are
‘rejected by direct participation of activated lymphocytes (8). This response which
.may involve, but does not require, the elaboration of antibody, is termed the cellular
 immune response. Although both responses are related in that effector cells may
+originate from the same stem cell pools, the following discussion will treat them
tseparately.
4 00133362.004
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:b-i. Humoral Imnune Response. Two populations of small lymphocytes participate
‘directly in the antibody response--T cells which function under the influence of the

{ thywus, and B cells, derived from bone marrow, which are progen1tor§ of thz-antibody
isecretinc plasma cells (9). 7T cells interact specifically with antigen, proliferate,
jdifferentiate (10), and interact with B cells to sigral their clonal cxpansion and ‘
lultimate differontiation into antibody-secrcting plasma cells (11). T ce]1§ not only
iperform this specific halper function, but act to requlate the class of antibody
'formed (12), the ampunt of circulating antibody (13), the affinity of antitodv pro-
iduced (14), and participate in immunological memory (15). B cells also exhibit ,
specificity for antigens (11), participate in restriction of antibody class (16), and
jalso participate in immunological memory (17). ;

lThus four classes of small lymphocytes may exist, viz, virgin T cells, activated
'(educated or primed) T cells, virgin B cells, and primed B cells. Functional identi-
{fication of T and B c2lls has explained in part some of the complexities of immune
'responses, particularly the obsaervation that a small antigen called a hapten is
funable to elicit antibody formation unless it is bound to a larger carrier moiety
‘which is itself immunogenic (18). Elegantly demonstrated for mice by Raff (19) is |
|evidence that the immunogenic carrier is recognized by T cells, the hapten by B cells.
i Thus for antibody formation against a hapten, the presence of functional T cells
| capable of recognizing the carrier is necessary. Hapten-carrier systems, such as that
tdescribed by Kettman and Dutton for mouse responses (20), provide a clear cut weans
tfor differentiating between T and B cell function in antibody responses, particularly.
iin regard to ionizing radiation effects. |
As early as 1908, Benjamin and Sluka noted the suppressive effect of ionizing radia-
jtion on immune function (21). Since that time numerous reports have emerged dstailing
aspects of radiation-induced immune suppression (compiled in 22). Two studies in
which effects of x-rays on immunocompetent cells were quantitated are significant in
the context of work proposed in this document. tlakinodan, et al. (23), determined _
survival curves for antibody formation against sheep erythrocytes with primed and '
!unprimed spleen cells. Their results indicated that both the primary and secondary
hemagglutinin responses were equally radiosensitive, i.e., data for both responses fit
identical survival curve parameters with an extrapolation number of 2.7, and a D of
70 rads. In these experiments antigenic challenge occurred within three hours a?ter ;
irradiation. More recently Zaalberg et al. (24), reported survival curves for |
primary responses of mice, also directed against sheep erythrocytes. His work showved :
that the dose survival curve for spleen cells challenged 24 hours after irradiation .
was purely exponential, i.e., completely lacking a shoulder, whereas cells challenged |
with antigen 2 hours after irradiation exhibited a shoulder. In both cases the
exponential slopes of survival curves, and hence the D_ values were parallel. Gen-
gozian and Makinodan (25), and Makinodan, et al., (26)%investigated the relationship
of time between irradiation and antigenic challenge for antibody responses in mice.
A consistent feature of these experiments was that the nadir of response resulted '
wwhen antigenic stimulation occurred either 12 or 24 hours after radiation exposure.
These results were confirmed by Carlson (27) who showed in addition that the time-
dependent response was differentially exposure-rate sensitive, and that the level of °
antibody response was less exposure-rate dependent at the nadir than when antigen ?
preceeded irradiation by 12 or 24 hours.

|

A central question relates to the relative role assumed by T and B cells in radiation{
iinduced suppression of antibody responses. Parameters of radiosensitivity have not
ibeen worked out for unprimed 8 or T cells, primed B cells, nor fully described for
{activated T cells. Two groups have demonstrated a degree of radioresistance of

|
ihelper function for primed T cells, although quantitative parameters of radioseusftiviéy
!
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have not been described (23,29). Cuantitative inforragion relative to 8 and T cell
radiosensitivity for high LET radiaticns are also lacking.

Experiments in this laboraiory have estadlished the feasibility of determinirg dif-
ferential B and T cell activity in irradiated mice. Subleth2lly irradiated mice
(400-700 rads) were reconstituted with either thymus cells (50 x 106) or bone marrcu
cells (10 x 10°) and challenqed with sheep erythrocyte antican either 2 heours after
jrradiation, or at periods of up to 3 days. Cn the fourth through seventh days atier
antigen injection, mice were killad and antibody secreting cells vere enumerated
according to the mathod of Jerre (30) or Curniraham (31). For primary responses
challenged within 2 hours of irradiation the activities of both B and T cells aprzar-
ed to be relatively equivalent. when groups of irradiated, reconstituted mice werc
challenged with anticen at intervals of up to three days, data for both direct (Ic%)
and indirect (IgG) antibody ferming cells indicated that the nadir of response
which occurs in the mousa 24 hours after irradiaticn, was due principally to
diminished B ¢21] activity. These experirents are being prepared for publication at
- the present time.

b-ii. Cellular Immune Response. That rejection of foreign grafts is thymus dependsnt
rests on a mountain of both direct and indirect evidence ?45). Elimination of T
cells from immuie lymphoid populations abrogates their ability to display cell mediat-
ed toxicity in either graft versus host (GVH) or allograft reactions (32,33). Rouse,
et al. (34,35), who investicated a markedly antigenic and spontaneously regressing
group of plasmacytomas in ¥ZB mice, found that high concentrations of anti-theta sera
abrogated the cytetoxic effects of immune lymphoid cells. Their results indicate that
thymus dependent lymphocytes are the primary effector cells in cell-mediated inmunity
against_these tumors. Similar conclusions have been drawn by investiocators using
both CroT release and microcytotoxicity as in vitro correlates (36,37). That cyto-
toxic effector lymphocytes are T-cell dependent is also implied from its parallel to
ctyotoxicity in graft rejection, and to the finding that nude or athymic mice
(T cell deficient) show a great ability to propogate transplanted tumors. The exact
-implication of the latter finding is now in some doubt since nude mice reportedly
' show residual T cell activity, and appear rot to be markedly more susceptible to
- spontaneous (38) or chemically induced oncogenesis (39). )
'On the other hand, recent reports by two groups suagest participation of B cells in
' tumor rejection. Investigating Maloney Virus sarcomas in the mouse (37) and bladder
‘carcinoma in man (40) by means of microcytotoxicity test, major B cell components
imediating cellular cytotoxicity were found. The exact interpretation of these results
:1s difficult to resolve at this time, but does leave open the possibility that more
: than one cell type may be involved in antitumor cell-mediated cytotoxicity. Nonetheless
;care must be taken in interpreting results of any single cytotoxicity method since

idifferent tests may give different results when evaluating either allograft transplan-
- tation (41) or tumor immunity (42).

! Since eventual combination therapy with radiation or chemicals may include immuno-

' therapy or enhancement of host cell-mediated immune mechanisms, interactions of these
i regimens with host immune function as well as host-mediated antitumor activity is of
! importance. Although radiation is a common modality for tumor therapy, the effect of

1such treatment on lymphocyte activity and on host cell-mediated immunity has not
.been well worked out.

‘A number of studies have been reported relating radiotherapeutic regimens to lympho-
.cyte activity, measured as responsiveness to mitogens or as changes in numbers of 8

and T cells. Thus, Stjernsward et al. (47), and Engresset, et al. (48), investigating
tYymphocyte activity in patients irraviated wediastinally for breast tumors or with
|
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multiple fields for Hodgkins Disease showed sicnificant and prolonced decreases
follewing irradiaticn. T cell activity was more markedly depressed than that of

B cells. Stratton and Byfield (49) recently reported extrarely rapid and significant
(although relatively *ransitory) decreasas in both T and O cell activity following
drradiation.

Cell-mediated immunity per se has been studied in mice undergoing experimental
radiation therapy for transplanted fitrosarcomas (43,44). In these carefully control-
led experiments little if any alteration in cytctoxicity occurred in spleen or ly-oh
node cells talken frem animals which received single curative doses (as hich as 4500
rads) d2liverad to tie thigh. In contrast to thase mice in which radiotherapy wuas
successful as measured by tumor size, animals in which therapy was unsuccessful dis-
played a reduction in cytotoxicity together with development of blocking factors in
the serum. Th2 presence of factors, either antibody, antigen or antigen-azntibody
complexes, which interfere with spacific cell-radiated cytotoxicity cirected against
the host tumor, secms to be a generalized pheromanon in both animals and humans
bearing large antigenic tumors (45). The viorl-of 0'Toole (46) provicdes an impertant
step toward relating radictherapy and cell-~ediated cytotoxicity in man. Radiatien
treatirent for bladdar carcinoma (4000 to 5000 rads) protracted over veeks, caused
relatively rapid decreases in cell-mediated toxicity in the peripheral blood lympho-
cytes, followed by a rapid recovery of cytotoxicity only in patients destined to show
no recurrence. Thus, the time course of cell-mediated cytotoxicity after irradiation
may be of prognostic value (61).

In comparing responses of patients (46) and of irradiated mice (44), a marked differ-
ence in the time course of cytotoxicity is apparent. In human subjects sicnificant
depression in cytotoxicity occurred immediately following irradiation, while this was
not seen in the mouse studies. This disparity may have resulted from differences in
radiation protocols--fractionated doses were used in the human trials, whereas cormpar-
able single doses were used in mice. The fractionated protecol for patients would

be expected to irradiate a greater number of lymphocytes during their transit through
the radiation fields, Rouse, et al. (34), have shown that effector lymphocytes may

be moderately radiosensitive, with LDg5g values of about 200 rads.

The mouse myeloma presents an attractive model for investigating effects of radiation
on growth and host-mediated cytotoxicity: a) tumor growth can be quantitated by
measurement of paraprotein concentrations in the sera (50,51). Thus it is possible
to follow early changes in tumor growth. b) The plasmacytomas in Balb/c mice are only
weakly immunogenic and may more closely parallel the human condition than other more
immunogenic experimental tumors. c) The Balb/c plasmacytoma has characteristics of
its human counterpart in that it causes kidney dysfunctions similar to that found in
man {(52), and responsemuch like human tumors to a variety of chemotherapeutic agents
{53). d) The classical Winn test can be utilized for quantitating radiation-induced
inactivation (54,55), in which graded numbers of immune cytotoxic cells are injected
together with known numbers of plasmacytoma cells into sublethally irradiated animals.
Absence of tumor growth results from activity of immune lymphoid celis.
) |
At this writing a project is getting underway in this laboratory to evaluate cell
mediated cytotoxicity and its enhancement or alteration by various therapeutic regimens,
using balb/c myeloma, MOPC-104. The project is intended in part to provide disserta-
gioniresearch for a Ph.D. candidate, who may also be involved in studies proposed
erein.

|
3. Rationale: HMegative pi mesons represent a new modality for the treatment of human
ma119nancy. Because pure high intensity pion bcams have not existed previously, the
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‘relative offects of pion inactivation on a wide variety of cells is being detervirzd i
‘a coordinated fashion. ‘liuch of this work will be extrapolated directly into plen-
,ning treatment protocols for patients.

“Mounting evidence irplicates a vital role for imrune processes in tumor growth and
.cure. Furthermore, the immune status of cancer patients undercoing therapy is of
“concern. Quantitative information about the action of both peak and plateau picns
ton cell populations participating in immure responses is warranted.

!B. Specific Aims: The project outlined below is designed to quantitate effects of

_both peak and plateau picns on imrturocenpetent cells that mediate immune reactiors.

“Data from pion expasures will be compared with paired experiments using Ccbalt-¢?
gamma rays. Thus REE values will be obtaired for classes of imaunocytes involvec
in both the antibody and cell-mediated respenses.

!C. Methods of Procedure: Techniques to te used for the proposed project are

- straightiorward énc quantitative. For thc most part, these have been employed, cr
"are being used in this laboratory. For both husoral and cellular studies, nethccs
.outlined in this section offer the advantage of requiring only a itoderate amcunt o7
i preliminary or baseline work before begining the central experimental protocols. Un
. the other hand, because of necessary controls and quantitation, the numbers of

- animals required to justify an attempt in this area are moderately large.

‘Mice: Specific pathogen free CDyF, (Balb/c x DBA,)F; and Balb/c mice will be used

- for experiments measuring antiboSy responses and Tnhibition of tumor growth, respec-
. tively. These will be purchased from Cumberland View Farms, Clinton, Tennessee,

; and used at 12-16 weeks of age.

’Antigen{ TNP (2,4,6 trinitrophenyl) substituted erythrocytes will be prepared
| according to the method of Rittenberg and Pratt (56); erythrocytes will be obtaired
i from the Animal Resopurces Center of this institution.

{ Irradiation: Recipients in both assay systems, as wegb as appropriate experimental

cell suspensions, will be irradiated from a 3,000 Ci “YCo Theratron. Experimental
irradiation will take place at the Los Alamos site using the biomedical beam charnel.
Cells will be irradiated in vitro using a compartmented chamber which has been
fabricated for our current pion work.

Antibody Forming Cell Assay: The classical technique of Jerne for enumerating anti-
body releasing cells wi1)] be used (30). In this assay spleen cell suspensions are
placed, together with target erythrocytes in a semisolid agar gel matrix, incubatied
at 379C, and IgM releasing cells detected after addition of complement. Cells re-
leasing 1gG are detected by adding anti-mouse-IgG serum to the preparation to
develop hemolysis.

Cytotoxic Lymphocyte Assay: The classical Winn (57) test for measuring antitumor

gc?ivity of immune spleen cells will be used. Details of this procedure are describe
elow.

Cells in antibody response.

These studies will utilize TNP (2,4,6-Trinitrophenyl) substituted erythrocytes to
capitalize on the differential properties of T and B cells to interact with carrier
and hapten, respectively. The basic premise is that maximal responses occur whaa
optimal numbers of B and T cells coexist; a suboptimal quantity of one population
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results in diminish2d responsivenass, and eitiar population may be'1imiting to the
respsinse. Thus decreassd intiledy forming cell. numiors, folleowing irradiation of one
population reflect decraase in cell nunbar of that population.

The ganaral exparir :ental outline is shoun schamatically below, and will be discussod
'in relation to individual experiments.

I Srbe (a) THP-Crbc (b)

{

| Step 1. i‘a,z 2 ,@

| T-Cell donor B-Cell donor

 Step 2. Irradiation of one population

(A

Step 3. K‘* Combine aliquots

950 rads

Step 4. 24 Hrs, —@f
/

i Step 5. Killed, assay for antibody forming cells to TNP, using
? TNP-Brbe.

] .
:Step 1. Donor mice will be primed either g1th (a) .2 ml of .5% v/v Srbc {Srbc= sheep
‘erythrocytes), the carrier, or (b) with 10° TNP-Crbc (Crbc= chicken erythrocytes), ths
‘hapten, coupled to an immunogenic carrier which cross reacts only slightly with Brbc
i(Brbc = burro erythrocytes). In this way cell populations from donor spleens can be
iobtained in which (a) T cells are primed against the carrier, but B cells in the
.suspension are not primed to TNP, and (b) B cells are primed to TNP, but T cells
Ipresent are not primed to the test carrier Brbc.

TNP-Srbc
6-8 days

IStep 2. Primed T or B cells will be irradiated with either pions or gamma rays.
1

%Steg 3. Irradiated cells will be combined with unirradiated suspensions in appropriate
inumbers.

Step 4. The final cell suspension will be injected, together with TNP-Srbc 1nto
syngeneic recipients exposed 24 hr previosly to 950 rads:

.Step 5. Recipient mice will be killed, spleens surgically excised, cells suspendad,

;and numbers of antibody forming cells against THP enumerated by the method of Jerne.

;Initial experiments will establish the relationship between cell number and PFC re-
'sponses for the four cell populations to be studied,namely (1) primed T cells, (2)
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unprired T cells,.(3) prined & cells, and (4) unprimed B cells. As an example of this
procedure 50 x 100 spleen cells fron carrier-primed and an equivalent nuiber from
hapten primed animals will be combined, injected, challenased and assaycd. Graded
numbers of c.g. carrier prirad cells will ta given to othar groups of recipients, to-
gether with the standard hapten-prismed inoculun. These data will be used to construct
standard curves against which responses follcwing irradiation can be comparad to yizld
surviving fractions.

Primed T Cel%s. Carrier primed spleen cells will be harvested, irradiated, combinc:
with X J0Y unirradiated TilP-primed cells, as outlined in the preceding diagram. ror
a typical radiation cose at least thrce doubling dilutions of test cells will bewicludzd

1. Irradiated carrier-primed + unirradiated THP-primed

2. Unirrcdiated carrier-primed + unirradiated THP-primed
_ 3. Irradiated carrier-primed
- 4. Unirradiated TiiP-primed

fxperimenta1 groups will include the following cell populations

Group 1 is experimental and as indicated above, will include subgroups of graded
carrier-primed inocula.

Group 2 serves as positive control, in which responses are expected to be optimal,
and to agree with the previously determined standard curve.

Groups 3 and 4 are negative controls indicating the degree of cross-reactivity between
carriers, and will be subtracted from experimentalvalues.

For PFC assay of recipient spleen cells, the following determinations will be made:
: 1. TNP-Brbc
2. Brbc

Group 1 will measure antibody forming cells to TNP developed as a consequence of T
cell - B cell interaction. Group 2 will indicate the level of cross-reactivity betveen
?NP and Brbc; that value should be consistently zero

Primed B Cells. Experiments to assay responses of primed B cells after jrradiation
will be done similarly to those described above for primed T cells, except that hapten-
primed spleen cell population will be irradiated, and will therefore be limiting to the
fresponse.

!

Unprimed T and B Cells. For these experiments cells from unprimed donors will be used,
Together with primed cells of the complementary cell type. If necessary, T Cells will
be obtained from secondary donors in the fo]1oging way. Syngeneic recipients will be
Jdethally irradiated, and injected with 50 x 10° thymus cells. Recipients will be
killed on day 7, and cells from these spleens, enriched for T cells (58) will be
used. Likewise, populations enriched for B cells can be obtained by injecting bone
marrovw cells into 950-rad irradiated recipients and harvesting spleens at day 4.

{

Data Handling and Evaluation. From standard curves generated as described above,
expected response values will be available; these values for a given cell inoculum
Mill be treated as™00% survival". Thus following irradiation of a cell population
the resulting responses will be used to calculate surviving fractions. As a function
of radiation dose, survival curves will be generated by computer, using a standard
program jnuse at this institution. From these survival curves it will be possible
to compare parameters of radiosensitivity (defined as 1/D,) as well as D, (“"quasi-
threshold dose" ). Thus a complete picture of differentia? radiosensitivity for
cells involved in antibody responses will be obtained for ganma rays, and both peak
rnd plateau pions
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Cells in Tu-or Rejection. To quantitate the role of immure lymphoid cells in the
abrogation of tumor cutarowth, the techniqua dascribed by Winn (57) will be erployed.

. This in vivo all-or-none technique is far more quantifiadle than existing in viuro
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cytotoxicicy mathods that rest unon gquantitation of both lymphoid and tuimor ceils

in culture, or ralease of radioactive latel. To induce irmunity to the tuwor, the
method of Krueger (54) will be used, in which multiple injections of killed turor
cells will be injected into normal Balb/c mice., At intervals lo be deteruined tra
mice will be killed, spleens removed, cells suspended in Eisens "A" medium, pocled,
counted for nucleztzd cells, placed in the radiation chamber and exposed to cither
peak or platecu pions, or to gama rays. Following irradiation and removal of
cells from the chamber, cells will be racounted, the percent viability will be
determined, and the desired concentration will be mixed with the minimal ED 10C/cC
of mycloma cells, and injected subcutanzously into sublethally (450 rads) irradictac
recipients. Recipizat mice will bz observed daily for appearance of tumor growin.
Animals in which tumor growth dces not occur will be scored positive for the presence
of a critical numbar of activated cytotoxic cells against plasmacytoma MIPCI04.

For a typical experiment the following groups will be included:

1. MOPC 104 + Irradiated Immune Spleen Cells
2. MOPC 104 + Unirradiated Immune Spleen Cells
3. MOPC 104 + Nothing

4. MOPC 104 + Normal Spleen Cells

Expected results are as follows: Groups 3 and 4 are negative controls, in which
100% of recipients are expected to show tumor outgrowth. Group 2 comprises the

positive control in which no growth should occur., Group 1 is experimental, and

will include at least four doubling dilutions of spleen cells.

Preliminary experiments will establish the following baseline information:

1. Minimal EDygpseg for MOPC 104. The minimum number of plasmacytoma cells that
will produce tumor growth in 100% of sublethally irradiated recipients, will be
determined by injecting groups of 20 mice with doubling dilutions of MOPC 104 cells,
and following recipients to observe tumor outgrowth over 60 days. The smallest '

inggulum yielding consistently 100% tumor growth will be used as the standard tumor
ce ose.

2. EDgg for Abrogation of Tumor Growth by Immune Spleen Cells. Using the minimal
ED]QD/BO determined as described above, doubling concentrations of immune spleen
cells will be mixed with MOPC 104 cells, injected into 450 rad irradiated recipients,
and observed for tumor growth through 60 days. Results will be plotted on log-

?gg?it plots, and the EDSO/GO determined by the method of Litchfield and Wilcoxon

Once established, these parameters will be used to generate dose-survival curves

for immune spleen cell cytotoxicity as outlined. )
|
3. To allege that abrogation of growth by immune syngeneic spleen cells is due tc
T cell mediated function, it is necessary to confirm the findings of Rouse, et al.

(35) that growth abrogation can be suppressed by exposure of spleen cells to anti-
theta serum.

Surviviqg fractions after either pion or gamma ray exposure will be calculated from
the ratios of EDgy's for unirradiatéd to irradiated immune spleen cells. Dose
survival curves will be generated by computer, using a standard pE?gram in use at

~this institution.
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These central protocols ccmprise the prircipal basis for requesting funding, altﬁ:ufh
it is 1ikely that additioral experimants will be carried out, such as the followira.

Characterization of radiosensitivity parareters for IOPC-1C4 to both peak and platzau
pions: While not necessarily unique in the ccordinated pretherapeutic picn procren
(60), inforration cn RBE values for plasmacytc.2 might Lear clinical implicaticns.
Hith EDgp/ag data in hand for 1'0PC-104, a limited series of experirents in which
myeloma CEQQS are exposad to pions in our comparimented chamber, will yjeld . serics
of survival curves for pions.

Effect of dose rate on cells mediating grouth abrogation of MOPC-104: Experiments
in this laboratory have addressed the question of the relative effects of dose rate
in combined radiun-cobalt therapy, arzlocous to common treatmant for carcinoma

of the uterine cervix. (Rasults are now in preparation for publication). Using
this radium-ccbalt model it would be interesting to compare the effects of dose
rate on cell-mediated cytotoxic activity using the procedures described above.

Because of the moderately long-term nature of the cell-mediated cytotoxicity
experiments, a support period of at least three ycars is necessary. In order to
begin preliminary experiments for both cellular and humoral response protocols, a
funding date of January 1, 1375 would be optimal. The present pion project will

be funded through August 31, 1975, and our work at LAMPF will proceed until that
date. Thus portions of the program outlined in this proposal could likely begin at
LAMPF in September of 1975.

In any event, experiments with pions are intended to begin toward the end of the

é first avard year. The duration of experiments for humoral (<9 days) and cellular

(60 days) responses are sufficiently different to allow both areas to proceed

: concomitantly for preliminary as well as for pion experiments.

- ——— S - ——— - y—

D. Significance:

Experiments outlined in this proposal will provide information on the effects of
negative pi mesons on lymphoid cell populations that participate in immune responses.
Information on pion inactivation of T and B cell populations involved in antibody
responses will yield RBE values for peak and plateau pions. For this new radio-
therapeutic modality, data on destruction of cells that mediate cytotoxicity against
tumor growth will relate effects of pions, both entering and at depth, to effects

of conventional gamma rays. These data may have clinical usefulness in evaluating
immune responses of patients undergning radiotherapy with pions by providing para-
meters of radiosensitivity for immunocompetent lymphocytes in the radiation field.

E. Facilities Available:

Within the Radiology Department adequate laboratory, kitchen, and office space is
available. Animal quarters, cages, etc., sufficient to house several hundred

mice are located near the laboratoy. Facilities for cleaning and sterilizing cages
are provided by our Animal Care Unit. An irradiation source (3700-Ci Cobalt-60) is
available; dosimetric equipment and basic holders for irradiating mice, microscopes,
Coulter Counter, centrifuges, water baths, refrigerator and freezer space, and most
smallier items are on hand. Capability for handling data and statistical evaluation
will be provided through the Scientific Computer Center at this institution.

Facilities at the LAMPF site are discussed in the following section.

ot
o

N 12

.l U q 2 b Q & : mnmme#om



[ F Y

134

DO FIT TYR

taaney ’

4
SERRE (oL

1 50.

Sl.

52.
' 53.
54.

85.

ss.

57.

58,

9.

0.

- r———-c—.———-m
3 . ]
]

Carlson, Donald =.

0'Toole, €., P. Furlicn, G. Uobaroor, ard T Dlenyr, 19720 Celivler iurunisy
to Luksn urinary tlzccer carcinsza I, Corveluticn to clinfcal stage and radio-
therapy. Int. J. Cercer 10: 77.

Stjernsward, J., li. Jondal, F. Vanky, H. Wiczell, and R. Sexly, 1972, Lympho-
ponia end cherge in distritution of human B erd T 1ymohocytes in peripheral
blood induced ty irrzdiation for marnary carcinoma. The Lancet 20: 1352,

Enorescet, A., S.S. Frcland, and X. Bremer, 1972, Blood 1ymrhocvtes in Hodckins
Uisease. Increase of D lyrphocytes following extended field radiation. Scara.
J. Heratel. 11: 185.

Stratten, J. and P.T. Byfield, 1974. T and B lymphocytes after thymic radiation
in humans. Fed. Proc. 33: 742.

Ghanta, V.K., and R.N. Beramoto, 1574. Quantitation of total-tody turmor cells
(¥OPC 104-E) I. Subcutancous tumor rmodel. J. lat. Canc. Inst. 52: 1199.

Yutoku, M., H. Seroh, S. Watanate, Y. Matsuoke, arnd M. Kitagawka, 1972. Quanti-
tation of in vivo growth of plesmacytera X-5563 by immuncassay for its parapro-
tein with Tndivicual cntigenic specificity. J. MNat. Canc. Inst. £9: 1395.

I
Coleman, R.F., C.H. Lupton, and F.A. McMannus, 1562. Renal Tesions in inbred !
mice with plasma cell tumors. Arch. Pathol. 74: 18. ‘

Teller, M.N., D. Abraham, M. Bowie, and P,P. Carbone, 1969. Transplantable mousé
plasra cell tumors in experirental chemotherapy. J. Mat. Canc. Inst. 43: 123.

Williams, MW.H., and R.G. Krueger, 1972, Tumor associated transplantation anti- ‘
gens of myelcras induced in Balb/c mice. J. Nat. Canc. Inst, 49: 1613.

Rollinghoff, M., B.T. Rouse, and N.L. Warner, 1973. Tumor immunity to murine
plasma cell tumors I. Tumor associated transplantation antigens of KZB and
Balb/c plasma cell tumors. J. tat. Canc. Inst. 50: 159, ;
Rittenberg, M.B., and K.L. Pratt, 1969. Antitrinitrophenyl (THP) Plague assay. °

Primary response of Balb/c mice to soluble and i '
Expr Biol Hed. 13: 575, particulate immunogen. Proc. Soc..

Winn, H.J., 1959. The immune response and o v
Tnet. Homogr. 20 119, P the homograft reaction. Nat. Canc.

[
|
I
Hartman, K.1970. Induction of a hemolysin response in vitro: Int
of bone marrow and thymic origin. J. Exp. Med? 132:7T267. ntersction of ce1]?
Litchfield, J.7., and F. Wilcoxon, 1949. A simplified method of evaluatin |
dose-effect experiments. J. Pharéaco1. Exp. Therap. 96: 99. g ;

LAVPF Biomedical Users Steering Committee. 1972. *Recormendatfons for implementing

Eaaiotherapy with negative pions at LAMPF." C. Richman, Chairman, Los Alamos,

i
Dellen, A.L., 1974, Thymus-dependent lymphocyte levels during radiaticn therapy
for tronchogcenic and esophageal carcinoma: Correlation with elinical course in

responcders and nonresponders. 56th Annual Meeting of The Ameri
Society (abstracts) p. 2. . g \merican Radium

l 0 q 2 b q 5 00133362.013



PT T st

-y

-~ -

ot
‘o

's.

6.

9.
10.
.

2.

13.

na,

ﬂ]s.

R

Carlson, Donald, E.

REFERTI.CES

Bond, V.P., 1671. Necoative picns: Their possible use in radiotherapy. Am. J.
Roentg. 111: 9. :

Sullivan, A.H., and J. Baarli, 1¢£8. .Some measurcrents on the slowing down of --
rmesons in tissue-equivalent rmaterial. Fhys. iled. Biol. 13: 435.

Foviler, P.H., and D. H. Perkins, 1561. The possibility of therapeutic applice-
tions of becms of ncgztive m mescns. Hature 189: 524,

Curtis, S.B., and M.R. Paju, 1968. A calculation of the physical characterictics
of necative pion beaus--encrgy-lcss distribution and Bragg curves. Rad. Res.
34: 239.

Fowler, P.H., 1965. 196& Rutherford Mermorial Lecture: n- mesons versus cancer?
Proc. Phys. Scc. 85: 777.

Winston, B.M., R.J. Berry, and D.R, Perry, 1973. Recponse of Cicia fcba to ir-
radiation with a beam of negative =- mesons, under aerobic and hypoxic conditic:s.
Brit. J. Radiol. 46: 541.

reviewed in Katz, D.H., and B. Benacerraf, 1972. "The Requlatory Influence of
Activated T Cells on B Cell Responses to Antigen." Adv. Immunol. 15: 2. Acadenic
Press, New York.

reviewed in Micklem, H.S., and J.F. Loutit, 1966. Tissue Grafting and Radiaticn.
New York. Acidemic Press.

mMiller, J.F.A.P., and G.F. Mitchell, 1968. Cell to cell interaction in the im-
mune response. I. Hemolysin forming cells in neonatally thymectomised mice re-
constituted with thymus or thoracic duct lymphocytes. J. Exp. Med. 128: 801.

Miller, J.F.A.P., J. Sprent, A. Rasten, N.L. Varner, J.C.S. Breftner, G. Rowland,
J. Hamilton, H. S{lver, and W.J. Martin, 1971. Cell-to-cell {nteraction in the
immune response VII. Reouirement for differentiation of thymus-derived cells.

J. Exp. Med. 134: 1266.

Mitchell, G.F., and J.F.A.P. Miller, 1968. Cell to cell interaction in the im-
mune response II. The source of hemolysin forming cells in irradiated mice given
bone marrow and thymus or thoracic duct lymphocytes. J. Exp. Med. 128: 821.

Andersson, B., and H. Blomgren, 1971. Evidence for thymus independent humcral
antibody production in mice against polyvinylpyrolidone and E. coli Tipopolysac-
charide. Cell. Immunol. 2: 411.

Feldman, ¥ , 1971. Induction of immunity and tolerance to the dinitrophenyl deter-
minant in vitro. Nature New Biol, 231: 21.

Gershon, R.K.. and Paul, \I.E., 1971. Effect of thymus-derived lymphocytes on
amount and affinity of anti-hapten antitody. J. Immunol. 106: 872.

Takahashi, T., E.A. Carswell, and G.J. Thorbecke, 1970. Surface antigens of ir-
munocompetent cells 1. Effect of and PC.1 alloantisera on the ability of spleen
cells to transfer immune responses. J. Exp. Med. 132: 1181.0,3_ L e

[NLC ] -

P . 113

2b9b

109

00133362.014



16.

17.

————

18,

119,

20.
21,

22,

123.

27.

28,

‘29,

-30.

31,

Carlson, Donald E.

Shearcr, G.M., and G. Cudkouicz, 1969. Dictinct events in the irmune respense
elicited Ly trercierred rarrcw and thymus cells I.  Antigen requirenents ard
proliferaticn cf thymic anticen reactive cells. J, Exp. tied. 130: 1243,

Jehn, UV, and L., Karlin, 187). Incdependent action cf thyirus and bone rarrey
cells curing the secondary respernse of dircct placue-forming cells. J, Inmunol.
106: 946.

Benacerraf, B., A. Oieda, and P.H. Matrer, 1963, Studies on artificial enticcns
II. The anticznicity in cuirnez pics cf ersanilic acid conjucates of cepeliyoars
of D= or L-c-eninc acids. J. Exp. iled. 118: 945,

Raff, M.C., 1970. PRole of thyrus-cerived 1:mphocyies in the secondary hurorel
icmune response in mice. HNature (Loncon) 228: 1257.

Kettmen, J., and R.W. Dutton, 1270, An in vitro prirary immune response to 2,4,
€-trinitrcphenyl substituted cryihrocytes: Response against carrier and Hapten.
J. Immunol. 104: 1558,

Benjamin, E., ard E. Sluka. 1908. Antikorperbildurg nach experimenteller
schadicuny des hemotopcetischen systems durch rontgenstrahlen. Wein Klin.
kochschr. 21: 311,

UNSCEAR, 1972. Ionizing radiation: Levels and Effects. Vol II. United Haticns,
New York.

Wakinodan, T., M.A. Kastenbaum, and W.J. Peterson. 1962. Radiosensitivity of
spleen cells from normal and pre-immunized mice and its significance to intact
animals. J. Immunol. 88: 31.

Zaalberg, 0.B., V.A. van der leul, and G. Rossi, 1573. The effect of x-irradia-
ticn on the zppearance of zntibody-forming cells in the mouse spleen following
the injection of sheep erythrocytes, Eur. J. Immunol. 3: 698,

Gengozizn, N., and T..Makinodan. 1958, Relation of primary antigen injection to
time of irradiaticn on antibody production in mice. J. Immunol. 80: 189.

Makinodan, T., B.H. Friedberg, M.G. Toltert, and N. CGengozian, 1959. Relaticn
of secondary antigen injection to time of irradiation on antibody production in
mice. J. Immunol, 83: 184,

Carison, D.E., and N. Gengozian, 1971. The effect of acute radiation exposure
rates on formation of hemagglutinating antibody in mice. J. Immunol. 106: 1353.

Kettman, J., and R.W. Duttcn, 1971, Radioresistance of the enhancing effect of
cells from carrier-irmunized mice in an in vitro primery immune response. Proc.
Nat. Acad. Sci. USA. £8: 699.

Katz, D.H., W.E. Paul, E.A, €Goldi, and B. Benacerraf, 1970, Radioresistance
of co-cperative function of carrier specific lymphocytes in anti-hapten antibody
responses. Science 170: 462,

Jerne, N.K., and A.A. Nordin, 1963. Plaque formation in agar by single antibody-
producing cells. Science 140: 405, -

Cunningham, A.J., and A. Szenterg, 1¢6E. Further improvements.in the plaque

technique for detecting single antibody-forming cells. Immunol. 14: 599.

14

10925 g7 . 00133362.015



.

HOA 740D

N"

1AD

. 3.

36.
37

1 38,
1 38,

| 40.
| 41,

42,

Carlson, Donalce E.

Cerrctiini, J.C., ALA, Nordin, end 1L.T. Eruver, 1971, Cellular and huioral
response 1o tremspiantaticn antisens 1. Cevelepmont of allcentitedy-ferning
cells and cytctexic lyaghecytes in the graft versus host reacticn. J. Exp. i:c.
134: 553,

by
Goldstein, H. “iczell, H. Blomaren, and [.A.J. Svedmyr, 1972, Cells nediatir-
specific in vitro cytctonicity II. Trctable avtencry of thymus-processzd 17 i
ocytes (T ceiis) for the killing of 21logeneic target cells. J. Exp. l'ad:13%,
890.

Rouse, B.T., li. Rollingtoff, and MN.L. Varner, 1973. Tumor irmunity to plas:c:
cell tumors II. Escenticl role of T lymphccytes in immune response. Eur, J.
Iemunol. 3: 218.

Hagner, K., and M. Rollirgheff, 1973. Cell mediated irmunity in vitro sgainst
syngeneic rmouse plasma cell tumors. HNature New. Biol. 241: 53,

LeClerc, J.C., E. Gorard, F. Plata, end J.P. Levy, 1973, Cell medfated imoui:
reaction against tumors induced by onccrra virvses: II. Hature of the effeci:r
cells in tumor-cell cytolysis. Int. J. Cancer 11: 426.

Lamon, E.W., H. Wiczell, E. Klein, B, Andersson, and M.H. Skurzak, 1573. The

1ymphocyte response to prirary Moloney sarcoma virus tumors in Balb/c mice, Ze-

;igition of the active subpopulation at different times after infection. J. Exp
ed. 137: 1452.

Rycaard, J., C.0. Polvsen, 1974. Is immunologicel surveillance not a cell-rmei-
jated immune function? Transplantation 17: 135.

Stutman, 0., 1974. Tumor development after 3 MCA in immunologically deficiert
athymic nude mice. Science 183: 534.

0'Toole, C., V. Slyskal, P. Perlmen, and M. Carlson, 1974, Lymphoid cells
mediating tumor specific cytotoxicity to carcinoma of the urinary bladder. Sa-
2g;ation of the effector population using a surface marker. J. Exp. Med. 13::

Biesecker, J.L., F.W. Fitch, D.A. Rowley, D. Scollard, and F.P. Stuart, 1973.
Cellular and huroral irmunity after allcgeneic transplantation in the rat. II.
Comparison of Cr5] release assay and modified microcytotoxicity assay for de-
tection of cellular immunity and serum blocking factors. Transplantation 1¢:421.

Howell, S.B., E.C. Eber, and L.W. law, 1974. Cellular immunity in mice with
SV40 1nduced mXSA tumors: Comparison of three assays of tumor immunity. J. Tat.
Canc. Inst. 52: 1361.

Jdurin, M., and H.D. Suit, 1974. 1In vitro activity of lymphocytes and serun f
C3H¢/Bu mice during the growth of I'CA-induced tumor and i{ts regression follc:ing
local irradiation. Cancer Res. 34: 672.

Jurin, M., and H.D. Suit, 1972, In vivo and in yitro studies on the influer:e
of the immune status of C3Hy/Bu mice on the eftectiveness of local irradiatiin
of a MCA-induced fibrosarcoma. Carcer Res. 32: 2201.

Hellstram, K.E., and I. Hellstrom, 1974. Lymphocyte mediated cytbtoxicity A
blocking serum activity to tumor antigens. Adv, Ismunol. 18: 209.

e e - ———n.t e - - e memme s mmeee s e s — = e .. -
-

15

' 8 q 2 %‘J C? 8 ‘ 00133362.016



