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Inhibition of mouse tumors by heavy ion irradiation
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Abstract InhibitioⅡef￡ects，control probabili“e8 arld pathology tissllP chan譬PH

of mouse transplanted tllmors S180 after irradhtion with 50 MeV／u
1 2C6+ions art、

reported．D08es of siⅡgle irradiation wcrc 0．5．1，2，5．1 0’20，40 G玑respcctivcln at a

dose rate 0f 3 Gy／min．Observing tiIrle was 24 days The result8 8how that each盯01lT)
had sign访cant inhibitioⅡaction on S】80‘umors and all iⅡhibitory prohabilitics wcrc

more than 90％：the initial time of indllcinE tumor inhibitioⅡefkcts were withlll oIlP

week．m hi曲dose groups(20，40Gy)，and甜teT tWo weeh in mediuIIl dos。gToups(5．
10 Gy)and low dose gro“ps(o 5，1，2 Gy)；also．inhibitory e舶cts in high d08e groups
were obviously greater than other gro“ps(p<0 05)；tumor control probabmties werc

di艉rent in each group，thosc in high d08e groups(20，40 Gy)wcrc higllerⅫd TcD5u

f50％tumor contr01 d08e)was 20 Gy；the results for curiIlg tu咖rs are di什曲Pnt 11l

d讯brent doses；pathology inspection pre8ented here were tllmor ti8sue Ilecrosis a11d

degeneratioⅡin ea￡h dos。grollp and they depended on doses．
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1 Introduction

Cancer treatment with heaⅣy ions is a high technjque in cuⅡem ra山otherapy．It is

oⅡe ofthe most eff毛ctive nlethods in the cancer treatment．During the H1iddle 1970 s，the

叠Iou口砒LawTence Berkelev LaboTatory(LBLl succeeded in modifvmg and connecting its

e]【isting low—energy heavy—ion accelerator(HILAc)to a high—energy proton accelerator

(Bevatronl to obtajn heaⅣy．ion beams sujtable for radiotherapy This corrlbined facility

was known as the BEVALAC．450 patients were treated with heavv ions，mostly neon at

the Bevalac of LBL【1|，The Eroup reported proⅡdsing results of radiotherapy with neon

ions on advaIlced macroscopic salivary 91and carcinoma，locally advanced paramasaJ sinus

tmors，soft tissue sarcoma，bone sarcoma，prostate caILcer aTld bihary tract cancer as

corrlpared with KstoricaI conventional ra山other印y【2，引．In 1994，the Heavy Ion Medic出
Acceleratol iIl Chiba fⅢMACl of Japan was opened with tkee treatment rooms with

丘xed臣antries for vertical，horizontal and vertic蛆／horizontal be甜n lines． The HIMAc

was desi蛆ed to deUver beaIns ofions，丘0m helium to argon，with energies血the range of

100～800 MeV／u．They decided to start with carbon ioⅡs．They have already conducted

precli血cal stu山es and initiated phase I and II cbnical t“a】s Until August 1997，a

total of 301 Datients had been tre砒ed with carban ions【41． Patient treatment started

at GSI，D盯mstadt，Germany，on Saturday Dece工rlber 13，1997 Two patients suffering

from tu瑚ors at the base of skuU were treated with矗ve and four ffactions of carbon

ions，respectively归J． 1t is worthy of note that some experiⅡlents of animals such as
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tmor_bearjng mice were蹦shed prior to cancer cbnjcal treatment at NIRS(NationaJ
Institute of Radiological Sciences)of Japan and GSI of Germany．At NIRS，they made

experhents on the groⅥrth delay and contr01 of the NFSa tumors after siIIgle irradiation

with 290 MeV／u 12
C produced by HIMAC㈡At GSI，an experimental mouse tmor was

used for the丘rst pilot experinlent in 1995；its purpose was to survey turrlor control after

irradiation with 40 Gy of carbon ions by measuring the tumor volumeh In 1995，HmFL
fHeaⅣv Ion Research Facibty in Lanzhou，Chjna)came i11to operation f打medical studies，

i e．basic research on ca皿cer trea幻nent with caTbon ions．In omer to coⅡect fhndamental

data for cliILical treatment，we sllrveyed the S180 tumor changes in埘ce疵er 50 MeV／u
1 2C6+ion irradiation．

2 Materials and methods

2．1 Animal8

KllnIlling male rnice，weight of 20土2 g，were provided by the LaIIzhou Institute of

Bi010茚cal Products，MiIdstry of Health

2．2 Tumor culture and grouping

S180 tuInor strain was provided by the Be巧ing Institute of Medicinals，Chinese
Academv of Medical Sciences． The mill【v white tlⅡnor丑llids were taken under ster+

ik cQnditions and dihlted to 3．8×101”ceUs／L according to a certain proportion． Then

0．2Ⅱ山of ceu n11ids was traIIsplanted in the right hind leg of each experiment al mouse

Tumor v011lnles of the血ce were measured by c“iper 6 days post transplantation aIld 96

IrIice with a t岫or diameter of approxinlately 7 n眦were selected They、耽re randonlly

divided into 8 Eroups of 12 nⅡce each．

2．3 Beam and irradiation

A 50 MeV／u 12C6十beam，produced bv HIRFL，was used． Mice were Rxed in a

special box made of lucite and oIdy sites of tumors were irradiated The groups were

irradjated singIy with a dose rate of 3Gy／m血and the doses ofO．5，1，2，5，10，20，40Gy，

respectively，and a contr01 group was 1miTTadiated

2．4 EndDoiIlts

_III皿or di锄eters were measured by cabper every other day after i丌adiation up to

24 days 1、】Ir】lor vollⅡnes were calculated by a formula of 02×6／2 whereⅡ，6 represented

the length and width diameters of a tuTnor，I、Ⅱnor i1曲bition rate in each group was

c“culated accordin焉to inhjbition rate fIR卜(1一the mean value of tumor、ⅪlIlmes血an

irradiation group／one in control group)×100％．Moreover，the tumor control probability

was expressed as a ratio of total of tumor growth stop、contraction and cure iIl an

experimental group to the irradiated tumor number in same group On the 3 rd day after

irradiation，two I工1ice were randomly selected from each irradiation摩‘oup and killed；the

tumors were taken from工Ilice and s00ked in 10％formah for pathology inspection．

3 Results

3．1 Dose—effect on inhibition growth of S1鲫tu啪rs
IIl F唔1，i“s shown that each radjation group has a greater inhibition e能ct on S㈨

sarcomas dming observation．On the 24 th day after the irradiation，the jIlMbjtory rate5

(IR)for tum0Ts with doses of O．5，1，2，5，10，20 and 40 Gy are 90 22％，92 16％，93．17％，
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95．15％，95．84％，96．08％and 98．80％，re—

spectivelH They an acheved the great— an

est hlllibition e饪毛ct．Also．the dose．efrect
—

in eaJ出observin只tiⅡle is obvious．T11．

mor inhjbition e疗ects in high dose groups孚
6U

(20，40 Gy)are Inuch greater than those、

in medium dose groups(5，10Gy)aIld竺40
lo啊dose gToup8(o．5，1，2 Gy)，especiauy
between 6 and 12 daⅣs afteT radiation． ，n

However．iⅡhibition rate in each radiated

group reaclles certain Value aIId increases
n

血1dly betweenl4 andl8 days心erradi-
。
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3．2 TiYne-effect on inhibition of S180Fig．1 Th dosc—c骶ct iIl inhibito。y growLh of

tuxnor growth S180 tumors irradi^‘cd by 50 MeV 1
2c

Fig 2 shows that tuⅡlor i“hibition efFect iIl every radiated group increases with the

extension of ob5ervinE tiHle，the tiⅡle—e圩jct is clear，but iIlitial time of inducing efFects is

di娲rent．In 20 and 40 Gy groups(1li曲dose groups)，the injtial time of inducing e艉cts
is earher and the tum。r inhibition effect is置reater；the血lIibitory rates are 28 37％，and

38．27％，respectively，on the 6th day after radiation aIld more than 90％on the 16th day

(for 40Gy)and 20th(for 20Gy)F0r o．5，1，2，5 aIld 10Gy groups(10w and med主um

dose灯oupsl，hdwev盯，the initial t曲1e of hducin置e行bcts is later；the iI山ibitoTy Tates

(IR)are 18．64％，23．84％，28．6l％，27．67％aIId 36．55％，respectively on the 12 th day after

radiation aⅡd they aⅡexceed 90％on the 24 th day The inllibitory rate for each group

increases slowly after achjevinz a certain value，naUy reaches ma】(imun on the 24 th day

after radiation

Tlme afIerIr怕dm“On ，d

Fig．2 Thc tirne-e舵c“n inhibitory grow七h of

s180 tumors irradiated by 50 MeV／u 12c
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Fig．3 S】80 tumor control probability 24 f

after 50 MeV／u 12C i”adiation

3．3 Probabilities of corItrol and cure of S180 tumors

It is the relationsllip between S180 tumor control prob“ihties and doses 24 days
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the 24 th dav aft钌radiation．The TesⅢts may be explained as fouows：the higher the

radiation doses are，the more seriously the whole tumors甜e daInaged，and the greater

the iIIhjbitory rates are As for ti工】1e eⅡbct，because theTe are cells with potentidlv letha】

damage(PLD)in the radiated tumors，aIld the PLD ceⅡs appear reproductive death

ceⅡs and nu工rlbers of the reDroductive death ceⅡs increase with time．thus the radiated

“m∞rs P，ow slowly as compared with contr01．Then，士Rs of the radiated tumors become

greater． On the 24th day after radiation aU±Rs approx血ate equaJ with each other，

whjch reslllts from preⅡIIlinary percentage of interphase death ceUs and reproductjve

death ceⅡs between high doses and low doses．The numbers of interphase death cells in

high dose are more than those f缸10w doses wKle n11r油ers of reproductive death cells in

high doses aTe fewer than those for low doses Therefore，the血crease of i“hjbitory rates

fIR)in hjgh doses and low doses becomes slow and fast with time，respectively：to 24 th

day after radiation their iIIhibitory rates approximate equal．

It is found that协吡or cQntrol pTobabihties m doses of 20 and 40 Gy，50％and

40％，盯e greater than the others(Fi93)and some of tumors irradjated by 20 and 40(；y

disappear(Fig，4)．However，tmor control probab山ty by 40 Gy irradiation is worse than

one by 20 Gy irradiation while degree of d啪ag血g normal tissue by 40 Gy irradiation

is鼯eater than 0ne by 20 Gy irradiation． nom the above it is obta_med that 20 Gy

j丌adiation is the most e伍cient dose suitable Ibr the treatment of S】8f)tumors

In respect of necrosis de耵ee，radiationⅥdth doses of 0．5，1，2，5 Gy induced sigIlih—

cant necrosis of S180 tumors，50％，although their enbcts皿S180 tumors are smaUer than

Tadiation with doses of 10，20，40 Gy：but there are no diHbrences啪ong those doses of

0 5，l，2，5 Gy(7rable 1)．Au of the radjation doses矗om O．5 Gy to 40 Gy have signmcant

eH电ct on the degeneration of S180 tumors，the dinbrence is that there aTe two areas，“++”

for 0．5，l，2Gy，and“+++”in 5，10，20，40Gy(Table 1)

5 Summarv

Each radiated group has signj丘cant iIlllibition effect on S180 tumors jrradiated by

heavy ions． Dose、e艉ct and tinle．e如ct are aⅡsi印诉ca工1t The di船rences among the

radiated groups are that both the dose—eff毡ct and time—eⅡbct in high dose groups(20，
40 Gy)display earlier than in medi眦doses(5，lo Gy)and 10w doses(o．5，l，2(；y)
The TCD50，i e．，the dose of single iⅡadiation with the heavy ions attajnjng 50％contr01

probability for S180 tumors，is 20 Gy．It is found仔om path01。gy inspection that there

are sigIli矗carLt tumor tissue necrosis and degeneration，which js the basic cause for the

inhjbition，control and cure of“1e tumor鼬、owth
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