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Abstract

We have treated a metastasizing tumor in the rot with hyperthermia, as wel I as the contra lotercrl normal I imb by im-

mersion in a 43 C bath. Whole body (rectal) temperatures were al lowed to reach 40.5 - 41.0 C for one hour, ond

possible harmful effects on the host immune system investigated. Treatment which caused regression of the primary tumor

also significantly reduced extent of retroperitoneai metastasis. Lymphocytotoxicity against tumor target cel Is in vitro

assayed one and two days after hyperthermia revealed no reduction in cel I mediated immunity.
— ——

Introduction

Medical healing of cancer by hyperthermia results

from the ability of microwaves or other physical means to

elevate temperature in tumor tissue. The Ietha I effect of

heat on cancer cells is wel I recognized, with general

agreement that tumor cells are preferential Iy killed in

comparison with normal cel Is 1. Nevertheless heoting nor-

mol cel Is, particularly cells involved in the host immune-

response, may be hazardous and excessive whole body heat-

ing is usually avaided. Whole body temperature may rise

due ta blood circulating thraugh the heated tumor. The

rise in body temperature depends upon the degree of im-

balance between heat introduced and heat lost. If the

rise in whole body temperature due to blood circulation

from the treated area is excessive hyperthermia may sup-

press the host immune function. This study was undertaken

to investigate the possible” harmful effect on metastatic

grawth following local tumor hyperthermia treatment of an

aggressively metastasizing mammary carcinoma, termed

ME/h, transplanted into syngeneic Wistar\Furth rots. The

contra lateml leg in a group of rats was heated to deter-

mine the effect of whole body heating on primary tumor

growth.

Historical

Schaeffer treated ostogenic sarcoma in mice and

faund that heating the primary tumor enhanced the number

2 Dickson andof metastatic colonies in mouse lungs .

Ellis3 reported a more mpid dissemination of malignant

Yoshida sarcoma cel Is in mts which sLlrvived heating at

42 C for 24 hours or longer, comparecl with sham heated

controls. A possible depression in immune response at in-

creased body tempemtures was suggested as being respon-

sible for the more rapid spread of disease 4. Direct

physics I evidence of the therms I hazard to hos Iympho-

cyks was provided by Harris 5 in an in vitro study of-. —
mouse Iymphocytes capable of ki 1I ing mastocytoma target

cells. Harris demonstrated that lymphocyte cytotoxic

ability was dramatically decreased by heating to 42-43 C

for 25 minutes. Under these heating conditions he sug-

gested that thermal destruction of lymphocytes membrane

function may have occurred, although under these same

heating conditions, the tumor cells were not more suscep-

tible to immune Iysis by unheated lymphocytes.

Because hyperthermia enhances the action of X-rays,

it has been suggested as an adiunct tcl mdiation thempyb.

While there is a good basis for the synergistic effect of

heat and ionizing radiation 7 on tumor, since ionizing

radiation is immunosuppressive, there CIISO may be a

hazardous synergism with heat on irnmunosuppressi on.There

is little hard data on this subiect, so we have examined

the effect of hyperthermia upon a metastatic primary tumor
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by measuring: a) growth of primary tumor, b) growth of re-

troperitonea I metastasis, and c) cytc ‘oxic potentia I of

lymphocytes taken one and two days after hyperthermia.

Harris’ in vitro experiment with heat sensitivity of cyto-——
toxic lymphocytes was also repeated with our system.

Materia Is and Methods

Microcytotoxicity assay.

The microcytotoxicity assay, which measures tumor

specific immunity in man, was first described by Takasu i
3and Klein 8 and subsequently modified by the Hellstroms .

The visual counting of cells was replac~$ by radioisotope

counting in the method of Beaa, et al . In this assay,

known numbers of syngeneic and allogeneic tumor target
——

cells previously established in manolayer tissue culture,

and label Ied with 3H-proline are seeded into micrc]wells

and exposed to lymphocytes from immune animals, with

lymphocytes fram normal animals serving as controls. De-

tachment of the target cells after incubation for 48 hours

indicates cell death.

Target cel IS in log phase growth phase are Iabelled

for 24 haurs with 3H-proline (Sp. act. 35 Ci\mmole, New

England Nuclear). Following Iabe[ling cultures are washed

thoroughly with Hanks balanced salt solution (HBSS), try-

psinized, counted, and 10,000 cel Is introduced into each

wel I of the microcytataxicity plate (Falcon Plastics 3040),

assuming a plating efficiency of 80°/0, as determined in

earl ier experiments. Effecter spleen Iymphocytes from

tumor bearing and normal rats are added at an effecter

target cell mtio of 200:1. After incubation for 48 hours,

the microcytotoxicity plate is gently inverted and washed

in PBS containing 100/o calf serum to remove detached

cells, al lawed to dry, and the bottoms of the wel Is punch-

ed out with a punch press, and collected in glass scintil-

lation vials. Tissue solubilizer and toluene containing

fluors are added, and the vials counted in a Packard Tri-

Carb liquid scintil Iation counter. The percentage cyto-

toxicity is calculated from the formula:

(1-
Av. cpm medium control - Av. cpm effecter cel Is

Av. cpm medium control
-) Xloo

Hyperthermia.

A tempemture control led water bath is fitted with a

plastic top captaining 4 circular holes for heating 4 rots

simultaneously, and a clamp permitting 4 rat legs to be

gently fixed whi Ie heating. Rats are anesthetized with

25 mg/kg dosage of Nembutal.

Rats were implanted with tumor and when tumor is

palpaLle (usually day 10-11 post-transplant) divided into

5 groups of 8 mts each. The first group (central) received

sham hyperthermia, that is anesthesia, and tumor-bearing

limbs immersed in a 37° bath for 1 hour; the second group



(control) had their contra lateral limb (non-tumor bearing)

treated with hyperthermia (43° C bath, rectal tem-

perature 40.5-41.0 C for 1 hour) on one or two days;

the third group received hyperthermio to the tumor-bearing

limb, rectal temperature 40.5-41.0 C for 1 hour, on ane

or two days.

Tumors and Target Cells.

The cel I line ME 254 is derived from a spontaneously

arising mammary carcinoma in a W\Fu rot which originally

metastasized to Iymph nodes, mesenteryr and I ung, and was

adapted to grow in tissue culture in MEM medium (ABS

Inc., Buffalo, N.Y.). Following repeated passage (12-14

X) in culture, this cell line is malignant but no longer

metastasizes. When the tumar is passaged by a tumor mush

(.1 ml) from a tumor bearing rut, it is termed ME\h and

is aggressively metastasizing to retroperitoneal cavity, and

to lung. A subline of this tumor adapted to tissue cul-

ture, RF grows as a benign pleomorphic sarcoma, which

eventua I Iy regresses spontaneausl y. Inhibition of tumor

growth is determined by caliper measurements of orthogona I

diameters of the tumor daily after treatment.

Purification of Lymphoid Cells.

Spleens were removed, cells expressed by mincing,

spun down~ and the red cel IS Iysed in Tris-NH4Cll with
removal of adherent polys and macrophages by incubating

the leukocytes in plastic flasks at 37C for one hour. The

non-adherent Iymphocytes were COI Iected and taunted.

Temperature Measurement.

Recta I (whole body) tempeiutures are monitored with

a 12 channel YSI Telethermometer and thermistor probes.

A needle thermistor was used to monitor tumor temperature

which was generally .5c lower than the bath.

Resu Its

Hyperthermia treatment of the tumor bearing I imbs

caused tumor regression, as shown in Figure 1, while treat-

ment of the control aterol limb caused enhancement of pri-

mary tumor growth, compared with sham hyperthermia

treatment. Hence the whole body heating schedule was

sufficient to cause tumor growth acceleration. After four

days the heated tumor resumed its norms I mte of growth.

There were no cures attributed to the treatment. The two

treatment schedule was more effective than the one treat-

ment schedule.

One week after hyperthermia treatment the rwts were

al I kil led, and autopsied for metatastic deposits. Visible

retroperitonea I masses were excised, and their wet weight

determined. Rats receiving lacal tumor hyperthermia de-

monstrrsted a significant reduction in the weight of metas-

tatic deposits, as seen in Chart 1.

In vitro cytotoxicity..—

Cytotoxic lymphocytes were tested in vitrcr by hyper-——
thermia at tempeiutures of 25, 37, 40.5, and 41.5 C for

one hour then immediately assayed for the effect of hyper-

thermia upon their cytotaxic activity. In agreement with

Horris, their cytotoxic potential was dmstical Iy reduced,

even’ at the lower temperatures we employed and using a

different assay system. These resu Its are shown in Chart 2.

In vivo cytotoxicity..—

When the effect of in vivo cytotoxicity was assayed,.—
following hyperthermia of tumor at 43 C, and whole body

(rectal) temperature of 40.7C x ane hour, a different pie-,

ture emerged. That is, there was na significant decrease

in [ymphocytotoxicity when assayed one day, or two days

after hyperthermia. This data is shown in Chart 3. One

explanation is that therms I damage to lymphocytes is cap-

able of being repaired in vivo, but not in vitro.—— .—

Conclusions

Whole body hyperthermia of a primary rat tumor which

normally metastasizes is healing not only to the primary,

but a Iso against metastasis in the retroperitonea I cavity.

Whole body hyperthermia from local heating of the non-

tumor bearing leg causes some enhancement in growth of

the primary tumor. Whole body hyperthermia at a tem-

petuture which is healing to the primary daes not signifi-

cantly enhance nor depress immune cel l-mediated cyto-

toxicity. In vitro hyperthermia of immune lymphocytes——
does depress cel l-mediated cytotoxicity. The discrepancy

between the effect on Iymphocytotoxicity of in vivo heat-

ing and in vitro heating suggests repair or re~op~an of——
heat damaged lymphocytes take place in vivo.——
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Fig. 1 P@e of growth of primary &iE/h tumor in leg of W/F.
rats fcdlcwing 1 or 2 Iccal hyperthermia treai’men* Of

wnmr bearing leg Or contmiaferal ieg.

Treatment

sham hyperthermia

hyperthermia to contm-

Iateral l% x 1 hr.

hyperthermia to contra-

Iateml leg x 2 h~

hyperthennia to tumor

xlhr

hyperthennia to tumor

x2hr

amputation of tumor

No. Rats with Metastasis

No. Rats treate[~

Exp . I EXF. II

4/4

3/4

3/4

3/3

1/3

8/8

7/8

7/7

7/8

6/6

4/4

Mean Wet Weight of

Metastasis, am i s.d.

&p. 1

2.4 ~ 1.0

2.1 ~ 0.6

1.5 ~ 0.4

2.7: 1.8

2.2

Exp. II

2.3 * o.4

3.0 :1.9

2.2 :1.2

2.2 ~ 1.6

1.2 :0.5

3.0: 1.0

cpm~ ,.d.
Hy9+rthmnl.

3

% Cpmtwi.+
mr@t C*I Is target cdl,

trealllent ME/ad BP-11 ME/ad BP-11

“i I Iyrn+acy+a 4032:779 6’d40~11Z2 -- -

35.oC x 1 how 1358 : 1s9 ?351 : 4?4 66 z!

37.ZC x 1 he., .1529 ~ 304 ma : 479 62 26

40..5C x 1 hour 3137:428 — 22 -

41 .5C x 1 hour 3870 ~ 216 6583: 233 4 4

cha* 2. Eff.ct .af hypeehemi. of spleen cd IS & !&! UP. .V.,.. i+.

+w~rt- f~ MEb ~~~h-ri.g W/F. -,s. Ratio .6 14’mPb-
cytea to tars.+ ..11, i, 2WI .

Eql. I

L

&p. 2
% Cytataxiciy f ,.d. % Cy!obxidty ‘,.d.

mlget ..11s !.X@ ,.11s
Traatier,t MVk 8P-1 1 M&+ BP-II

ma day Pt hypih.mia 48.3 f 18.3 29.0 * 5.3 61.8 $14.2 9.8 ~ 2.5

0- + past ,km 7Q.7 : 5.8 30.0 ~ 7.5 64.7 ~ 6.0 11.0 : 6.2

w d.aya pxt hyprthemi. 71.8 : 3.8 6.0 :4.5 37.0 ? 11.2 12,5 : 7.1
w dap wt km 74.3 ? 6.7 7.0 $ 7.0 40.3 ~ 19.7 9,3 ~ 16.0

Chmt 3. Effe.t .? hymtiermia (40. x x I hr) of rat timer i. .iw UWn cywoxicify.

kb.v~ ~k.. f,.m fvm.-teati.s W/F. m -a=.k.r h-tins.
Qdf. of I$m*ocytel M tir@ ..[1s is 2Ml:l

chart 1. Effect of in vivo tumor hyperthetmia on incidence and extent of.—
metastasis In Furth mts with ME/h tumor. sacrificed 1 week pOst

hyperthermia (40 .7C rectal tempem ture) X 1 hr. or X 2 hr.

CcmtrcJs received either sham Or contmlateml leg hyperthermia.
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