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Abstract-The cytotoxicig of freshly obtained human peripheral blood iymphocytes and 
Iq.mphocytes activated with human recombinant interleukin 11 (rIL-2) was evaluated against lung 
rancer cel1 lines by the human tumor clonogenic assay. Colony formation of al1 human lung cancer 
cel1 lines, PC-1, 3, 6, 7, 9, 13 and 14 were suppressed by lymphocytes activated with 100 
unitslml of human rlL-2 for 72 hr. However, the degree of the suppression of colony formation by 
lymphocvtes activated with rIL-2 was diff eren t f or each cel1 line. The per cent inhibition of colony 
formation obtained by HTCA correlated wel1 with the per cent cytolysis obtained by 51 Cr-release 
assqy for al1 cel1 lines. HTCA provides a very useful tool for the detection qf cytotoxicity of 
Jvmphocytes against clonogenic tumor cells. 

INTRODUCTION 
NATURAL killer (NK) cells, a subpopulation of 
periphcral blood lymphocytcs (PBL), are involved 
in ‘immune surveillance’ against tumor cclls, de- 
fi*ncc against viral infcction, and regulation of 
hcmopoicsis [ll. Although NK cclls express cyto- 
toxicity against K-562 cells, most cpithelial tumors 
arc rcsistant to NK cclls, and the potcntial role of 
spontaneous cytotoxicity by NK cells in human 
canccr is unclear. 

Dut to rcccnt progrcss in gcnctic cnginccring, 
purificd human recombinant interleukin 11 (rIL-2) 
is rcadily availablc. Lymphokinc activatcd killer 
(LAK) cclls, gcncratcd by in vitro cxposurc of 
normal lymphocytes to IL-2, have been rcportcd to 
rccognizc and lyse fresh autologous NK-rcsistant 
tumor cclls [2]. LAK cclls can also bc induccd b) 
in oico administration of rIL-2 [3]. Thcrc arc 

.4ccepted 15 October 1985. 
Reprint requests: Nagahiro Saijo, National Cancer Center 
Hospital, 5-1-1, Tsukiji, 5-chome, Chuo-ku, Tokyo, 104, Japan. 
This werk was supported in part by Grants-in-Aid for Cancer 
Research from the Ministry of Health and Welfare and from the 
Comprehensivr Ten-Year Strategy for Cancer Control. 

scveral trials examining thc possiblc usc of rIL-2 
and/or LAK cells in thc treatmcnt of human 

tumors. 
Prcviously we have rcported that NK activity 

against K-562 cells and antibody dcpendent ccllu- 
lar cytotoxicities against PC-9 cells can bc detccted 
by a modification of human tumor clonogcnic cc11 

assay (HTCA) and that the lymphocytcs-induccd 
colony inhibition detectcd by HTCA corrclatcd 
wcll with thc cytotoxicity of lymphocytcs dctccted 
by “‘Cr-release assay (P < 0.001) [4]. In this 
report, the cytotoxicity of lymphocytes activated 
with rIL-2 against various lung canccr cc11 lincs 
were rvaluatcd by HTCA, and thc colony inhibi- 
tion detccted by HTCA was comparcd to thc 
cytotoxicity detccted by thc “Cr-rclcase assay. 

MATERIALS AND METHODS 
Preparation of freshly obtained lymphocytes 

PBL was obtaincd by vcnopuncturc from normal 
healthy voluntcers with a ncedle attachcd to a 
plastic syringc containing heparin. Thc blood was 
dilutcd with Eagle’s minimum csscntial medium 
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(MEM), and thc mononuclcar cclls wcrc scparatcd 
by ccntrifugation on a Ficoll-Conray cushion 
(108Og) according to Boyum’s mcthod [5]. Thc 
intcrfacc was collectcd and thc cells were washcd 
twicc with MEM and oncc with RPMI-1640 
medium containing 10% heat-inactivatcd fctal calf 
serum (RPMI-FCS). Thc mononuclear cclls in 
RPMI-FCS wcrc incubatcd in a Falcon 3003 plas- 
tic dish (Falcon Plastics Co., U.S.A.) in a humi- 
dificd atmosphcrc of 5% COp, 95% air, at 37°C for 
1 hr. Later non-adhcrcnt cclls were collcctcd by 
rcpcated cxtensivc washing with MEM. Morc than 
95% of these non-adhcrcnt cells were lymphocytcs. 
Thc numbcr of cclls was adjustcd (EIT ratio was 
12.5 : 1, 25 : 1 or 50 : 1) bcforc thc cytotoxicity 
assay. 

Preparation of lymphocytes activated with rIL-2 
For the preparation of lymphocytes activatcd 

with rIL-2, non-adherent lymphocytes suspended 
in RPMI-FCS (2 X 106/ml) were incubatcd with 
rIL-2 (from Shionogi Pharmaceutical K.K., Osa- 
ka, Japan) in flat-bottomed multiwcll plates (Nunc 
24 wells 16mm diameter, Copenhagen, Denmark). 

To dctermine the effect of thc concentration of 
rIL-2 and incubation time of lymphocytes with 
rIL-2 on the cytotoxicity, lymphocytes were incu- 
bated with 1-1 X 104 I.U. of rIL-2 for 72 hr, or 
with 1 X 10’ rIL-2 for 0-144 hr. The effect of the 
concentration of human rIL-2 and the time of 
incubation on thc cytotoxicity of lymphocytes 
against K-562 and PC-9 cells detected by 51Cr- 
release assay are presented in Table 1 and Tablc 2. 
Thc cytotoxicity of lymphocytes against K-562 and 
PC-9 cclls reached maximum levels by incubating 
PBL with 10 and 1 X lO* units of human rIL-2 for 
72 hr, rcspectively (Table 1). Table 2 shows that 
the cytotoxicity of lymphocytes against K-562 and 
PC-9 cells reached maximum levels by incubating 
PBL with 1 X 10’ units of rIL-2 for 72 hr. In 
further experiments of HTCA and “‘Cr-release 

Table 1. Effect of the concentration of human rIL-2 on per cent 
specific 5’Cr-release 

Units of rIL-2 

(/ml) 

Control 
1 
10 

1 x 10’ 
1 x 105 
1 x 104 

Per cent specific “‘Cr-release 

K-562 cells PC-9 cells 
(mean f S.E.) (mean + SE.) 

38.2 + 14.0 ll.2 * 4.5 
66.7 f 5.8 15.2 + 4.2 
78.4 + 0.8 39.8 f 6.4 
78.0 + 1.1 49.1 t 2.8 
78.3 f 1.3 48.2 Zr 1.3 
76.6 + 0.9 48.7 k 5.8 

K-562 cells and PC-9 cells were incubated for 5 hr with 
lymphocytes activated for 72 hr with human rIL-2. 
EffectotYTarget = 50 : 1 Data are hom four independent experi- 
ments. 
Control lymphocytes were incubated without rIL-2 for 72 hr. 

Table 2. Effect of the time of incubation of lymphocytes with 
rIL-2 on per cent spec$c “‘Cr-release 

Incubation time Per cent specific “‘Cr-release 

with rIL-2 (hr) 
K-562 cells PC-9 cells 

(mean f SE.) (mean + SE.) 

Control 28.3 -t 5.1 16.3 + 2.5 
24 65.8 f 3.1 39.0 + 4.0 
48 75.0 f 2.0 60.0 f 4.0 
72 80.1 + 0.9 69.2 + 4.8 
96 79.5 f 0.6 74.0 f 3.2 

120 79.8 f 0.8 77.1 + 0.8 
144 76.8 f 1.7 76.2 + 5.9 

K-562 cells and PC-9 cells were incubated for 5 hr with 
lymphocytes activated with 1 X 10’ units of human rIL-2. 
Effector/target ratio = 50 : 1. 
Data are kom three independent experiments. 
Control lymphocytes were incubated without rIL-2 for 144 hr. 

assay the non-adherent lymphocytes wcrc incu- 
bated with 1 X 10’ units of rIL-2 for 72 hr. Threc 
different EIT ratios (12.5 : 1, 25 : 1 and 50 : 1) 
were used in subsequent experiments. 

Tumor cells 
The human cel1 line, K-562 cel1 derived from thc 

pleura1 effusion of a patient with chronic 
myelogenous leukemia in blastic crisis, and PC-1, 
3, 6, 7, 9, 10, 13, and PC-14 cells dcrived from 
carcinoma of the lung (kindly donated by Professor 
Y. Hayata, Tokyo Medical College), were used as 
target cells in the cytotoxicity assay. The detailed 
characteristics including clonogenic activities of 
these lung cancer cel1 lines were shown in Table 3. 
PC-1, 7, 9, 13 and 14 were derived from adcnocar- 
cinema of the lung. PC-3 and 10 were derivcd from 
squamous cel1 carcinoma of the lung and PC-6 was 
from smal1 cel1 carcinoma of the lung. 

Table 3. Characteristics of human lung cancer cel1 lines 

Cel1 line 

PC-1 
PC-3 
PC-6 
PC-7 
PC-9 
PC-10 
PC-13 
PC-14 

Histology Plating Plating Days of 
efficiency (%)cell number culture 

Adeno 0.5 1 x 10” 14 
Squamous 0.4 1 x 10” 14 

Smal1 0.6 1 x 10” 21 
Adeno ll.3 1 x 104 14 
Adeno 36.0 1 x 104 7 

Squamous not suitable to HTCA 
Adeno 19.6 1 x 104 7 
Adeno 17.5 1 x 104 7 

All cel1 lines were derived from human lung cancer. The plating 
numbers of tumor cells were determined according to the 
growth characteristics of each cel1 lines. The plating efficiency 
(%) was calculated by the following formula: 

number of colonies 
X 100. 

number of cells plated 

The days of culture were determined in each cel1 line based on 
the day that colony numbers reach maximum. 



Lletection of Cytotoxicity of Lymphocytes by HTCA 447 

Labelling qf tumor cells 
Targct cclls (2.5 X 10”/0.25ml) wcrc incubatcd 

with 0.25 ml of 125 pCi of Na?“’ CrO+ (Japan 
Radioisotopc Association, Tokyo) for 60 min, and 
washcd twicc with 15 ml of MEM and oncc with 15 
ml of RPMI-FCS to rcmovc unbound “‘Cr. Final- 
ly, thc cclls wcrc suspcndcd at a conccntration of 
lO’/ml in RPMI-FCS. 

.’ ’ C r-release assay 
For dctcrmination of thc cytotoxicity of freshly 

obtaincd lymphocytcs and lymphocytcs activatcd 
with rIL-2 by “‘Cr-rclcasc assay, 0.1 ml quantitics 
of thc targct cc11 suspcnsion (10”/ml) wcrc mixed 
with 0.1 ml of thc lymphocytes suspension 
(1.25 X lO”/ml, 2.5 X lO”/ml and 5 X lO”/ml) 
which produccd final EIT ratio of 12.5 : 1. 25 : 1 
and 50 : 1, rcspcctivcly. 

Thc rcaction mixturcs wcrc carricd out in thc 

cclls of 96-wcll V-bottomcd microtitre platc (Lim- 
bro Scicntifìc Co., Hamdcn, CT, E.S.A.). These 
platcs wcrc incubatcd in a humidificd atmosphcrc 
of 5% C02, 95% air at 37°C for 5 hr. Aftcr 

incubation alt thc platcs were ccntrifugcd at 400 g 
for 10 min, and 0.1 ml of thc supernatant from each 
wcll was rcmovcd and its radioactivity was countcd 
by an auto-y-counter. Spontancous targct cc11 rc- 

Icasc was.dctcrmincd from thc supernatant of thc 
targct cclls culturcd without cffector cclls. Thc 
maximum rclcasc of “Cr was obtaincd by trcat- 
ment with fivc cyclcs of frcezing and thawing in a 
dry-ice’alcohol mixturc and hot water. Triplicatc 

cultures wcrc uscd throughout. 
I’hc pcrccntagc of cytotoxicity was calculated as: 

experimcntal release - spontaneous release 100 x ._~___ _.__~-__ 
maximum rclcasc - spontaneous release 

and alt data wcrc cxprcsscd as mcan f. S.E. 

(standard rrror). 

Human tumor clonogenic assay 
Thc HTCA used in this study was a modifica- 

tion of the double agar mcthod dcvcloped by 
Hamburger and Salmon [6]. The bottom laycr was 
0.5% agar (Bacto; Difco, Detroit, MI) in RPMI- 
1640 medium which contained 10% heat inacti- 
vatcd FCS and 10% heat-inactivated horsc serum 
(HS). Thc top layer was 0.3% agar in RPMI-1640 
medium which containrd 10% FCS, 10% HS, 
glutaminc (0.05 mmol/ml), Na-pyruvatc (0.5 
mmol/ml), scrinc (0.01 mmoliml), and insulin 
(Novo Industry, Copcnhagcn, Dcnmark) (1.6 
units/ml). 

For thc dctcrmination of the cytotoxicity of 
lymphocytcs by HTCA, 3 or 30 X 10’ (final plating 
numbers per welt of each cc11 lincs is listcd in Tablc 
3) of tumor cells wcrc mixed with lymphocytcs at 

EIT ratio 12.5 : 1, 25 : 1 and 50 : 1 rcspcctivcly and 

incubatcd for 5 hr at 37°C in 2.7 ml top medium 

without agar. 
Aftcr incubation, 0.3 ml of 3% agar was addcd 

to cach tube. Onc ml of thc rcsultant mixturc was 
platcd in 35mm Falcon 1008 plastic dishcs. Thc 
colony formation of tumor cclls incubatcd without 
lymphocytcs was considcrcd to bc thc control 
numhcr of colonics. Thc dishcs vtcrc incubatcd in a 
humidificd atmosphcrc of 5% (10,. at 37°C: for 
7-14 days dcpcnding on thc growth charactcristics 
of tumor cclls. Colonics at least 60 pm in a 
diamctcr wcrc countcd with a colony analyzcr 

(CP2000, Siraimatsu Instrument l,td., Osaka. 
Tokyo, Japan). Each cxprrimcnt vvas pcrfiumcd in 
triplicatc. Pcrccnt inhibition of colony formation 
was drtcrminrd by thc íollowing formule: 

loo _ Number of colonics per test tube _.__~-.~~~~~~~~~.._ .~~~_. x 100 
Number of colonics per control platc 

Statistical analvsis 
Al1 data wcrc analyzcd for signilicancc by thc 

two-tailcd Student l-test. P valucs wcrc calculatcd 
by comparison of cxperimental groups. 

RESULTS 
As thc growth rates of these lung canccr cc11 lincs 

were diffcrcnt, WC dctcrmincd thc optimal cc11 
numbcr for plating. Cclls from scvcral lung canccr 
cel1 lines wcrc plated at diffcrcnt cc11 numbcrs 
ranging from 5 X 10” to 5 X 10” /dis11 bascd on 
several incubation timcs respcctivrty. E’igures la 
and lb show thc examplc of thc rcsults of cxpcri- 
ments determining the appropriatc plating numbcr 
of tumor cclls. Figurc la shows thc growth charac- 

teristics of PC-3. Figurc 1 h shows thc growth 
charactcristics of PC-14. Whcn thc numbcrs of 
tumor cclls platcd were too small, thc inhibition of 
colony formation by lymphocytcs was not rcpro- 
duciblc (standard dcviations of morc than 10% ). If 

the numbers of cells plated wcrc too great, thc 
numbcr of lymphocytcs platcd was also too grcat, 
and the reasonable data wcrc not obtaincd bccausc 
of deplction of nutrients 171. Bascd on this cvi- 
dencc, the plating numbcrs of tumor ~11s wcrc 
determincd according to the growth charactcristics 
of cach cc11 linc. As 2000 was thc uppcr limit of 
colonics in each dish, WC choosc thc conditions that 
would yield about 1500 colonics per dish for cach 

cel1 line. For instance, for thc PC-3 cc11 lim, which 
bas a low plating cfficirncy, it was necrssary to 
platc 1 X 10” cclls per dish and for thr PC-9 ccil 
lint, which has high plating cfficicncy, 1 X 10’ cclls 

per dish were plated. The incubation periods for thc 
colony counts to reach a plateau phasc wcrc 14 and 
7 days for PC-3 and PC-9 cclls. rrspcctivcly. Thc 
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Fig. 1. Growth curves of PC-3 cells (a) and PC- 14 cells (b) /y different cel1 number plating in each dish 0: 5 X lO”ldish, A: 1 

X 104/dish, ??: 2.5 X 104/dish, e 5 X 104/dish, A: 1 X 10”ldirh. Each point represents the mean of triplicate. 

final plating number per platc and plating efficicn- 
cies of cach cel1 line in such expcrimcntal condition 
are listed in Table 3. The optimal days of culture 
period was determined for each cel1 line based on 
the days that the colony numbers reachcd a 
plateau (Table 3). 

Table 4 shows the cytotoxicity of freshly 
obtained lymphocytes and of lymphocytes acti- 
vated with rIL-2 against eight lung cancer cel1 

lines. It was difficult to label PC-6 ~11s with “‘Cr, 
and PC-10 formed no colonies by HTCA. These 
PC cel1 lines were generally resistant to cytotoxicity 
of freshly obtained lymphocytes except for PC-13 
which shows the cytotoxicity of 46.9 k 6.9% at the 
E/T ratio of 50 : 1 by 5’Cr-release assay. The 
cytotoxicity of lymphocytes against PC-9 and PC- 
10 cells was less than 10% even at the E/T ratio of 
50 : 1. In freshly obtained lymphocytes, the cytoto- 

Table 4. Cytotoxicity of Jymphocytes activated with rIL-2 and freshJy obtained lymphocytes 
against several lung cancer cel1 lines 

Cd 
lines 

E/T 

Cytotoxicity of lymphocytes 
activated with rIL-2 

HTCA Wk 

Cytotoxicity of freshly 
obtained lymphocytes 
HTCA “‘Cr 

PC-1 

(6)* 

PC-3 

(5) 

PC-6 

(1) 

PC-7 

(3) 

PC-9 

(6) 

PC-10 

(2) 

PC-13 

(3) 

PC-14 

(6) 

12.511 
2511 
50/1 
12.5/1 
2511 
50/1 
12.5/1 
2511 
50/1 
12.5/1 
25/1 
50/1 
12.5/1 
2511 
50/1 
12.511 
2511 
50/1 
12.511 
2511 
50/1 
12.5/1 
2511 
50/1 

92.2 + 1.4** 40.2 + 2.2 

94.4 f 0.6 49.7 f 1.3 

93.0 + 0.7 54.4 + 1.5 

90.0 + 0.9 56.6 + 1.7 

92.4 f. 1.5 61.4 f 2.1 

87.4 + 0.6 64.2 + 2.1 
_ _ 

_ 

89.6 f 0.6 
54.4 f 1.9 
57.1 k 0.9 
63.0 f 3.1 
20.1 + 5.2 
20.9 f 6.0 
27.6 k 5.7 

43.7 + 2.6 
51.1 f 0.6 
53.2 zk 2.4 
27.4 1: 5.5 
36.8 f 6.9 
49.2 I!z 5.9 
44.7 1- 4.6 
50.4 k 2.8 
60.0 f 10.7 
73.9 f 1.5 
77.3 + 1.9 
80.3 + 1.0 
45.8 k 5.2 
53.3 + 5.7 
58.6 + 5.9 

_ 
94.4 + 0.9 
97.1 + 0.8 
96.4 f 1.6 
44.8 f 7.1 
66.8 + 8.8 
71.8 + 10.2 

o+o 
1.0 + 0.7 
4.2 k 0.7 

o+o 
3.8 -I 1.2 
3.6 + 0.7 
6.6 
9.7 

12.0 
Of0 
o+o 
Of0 

1.9 f 1.3 
o+o 
o+o 

5.8 f 2.7 
ll.3 + 4.3 
15.2 f 0.7 
3.8 f 0.8 
6.5 + 1.1 

15.0 ?- 2.8 

6.5 f 0.7 
ll.3 + 0.7 
16.8 + 1.2 
9.8 f 0.9 

14.7 k 0.2 
20.6 + 0.4 

_ 
_ 
_ 

7.3 f 1.6 
6.9 f 0.1 

12.4 + 0.6 
0.9 f 0.5 
0.5 f 0.3 

o+o 
7.7 
4.5 
5.9 

28.6 f 2.5 
38.0 + 5.7 
46.9 + 6.9 
ll.1 k 0.7 
14.1 f 0.5 
18.0 + 2.1 

( )* No. of donors. 
** mean + S.E. 
Cytotoxicity of lymphocytes activated with rIL-2 and freshly obtained lymphocytes against 
each cel1 lines were determined by HTCA and “‘Cr-release assay. 
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xicity as measured by “‘Cr-rclcasc assay was higher 

than thc colony inhibition in HTCA for al1 cc11 lincs. 

In contrast, al1 cel1 lincs wcrc killed by lymphocytcs 
activatcd with rIL-2. Colony inhibition mcasurcd 
by HTCA was higher than thc cytotoxicity in 
“‘Cr-release assay in lymphocytcs activatcd with 
rIL-2 for al1 cel1 lines exccpt PC-9. Howevcr thc 
values of HTCA and “‘Cr-release assay from sevcral 
donors were significantly corrclated in cach cel1 lint 
(data not shown). In PC-1, 3, 7, 9, 13 and 14 cc11 
lines, “Cr-release assay and HTCA wcrc performed 
simultaneously using thc same lymphocytes and 

correlation bctwcen thc two assays was also cvalu- 

ated. Number ofdonors for each cel1 lint was 5,5,3, 
6, 3 and 6 in PC-1, 3, 7, 9, 13 and 14 cel1 lincs, 
respectively. Figurcs 2a, b and c show thc positivc 
correlation ofpcr cent inhibition ofcolony formation 

obtained by HTCA and per cent cytolysis obtained 
by “‘Cr-release assay in cvery E/T ratio of 12.5 : 1 (I 
= 0.90, P < O.OOl), 25 : 1 (r = 0.91, P < 0.001) and 
50 : 1 (r = 0.89, P < 0.001). The per cent inhibition 
of colony formation by lymphocytcs activatcd with 
rIL-2 obtained by HTCA ranged from 20.1 to 94.4, 
from 20.9 to 97.1 and from 27.6 to 96.4 at E/T ratio 
12.5 : 1, 25 : 1 and 50 : 1 respectively, and per cent 

cytolysis obtained by “‘Cr-release assay by lympho- 
cytes activated with rIL-2 ranged from 27.4 to 73.9, 
from 36.8 to 77.3 and from 49.2 to 80.3 at E/Tratio 

12.5 : 1, 25 : 1 and 50 : 1, rcspectivcly. 

DISCUSSION 
Nomori et al. reportcd prcviously that the NK 

activity and antibody dcpcndcnt cellular cytotoxic- 
ity of lymphocytes on K-562 and PC-9 cclls could 
be detccted with HTCA [4]. 

In thc present study, thc cytotoxicity of lympho- 
cytcs against PC-1, 3, 6, 7, 9, 10, 13 and 14 cel1 
lines wcrc evaluated by HTCA and “‘Cr-relcase 

assay. PC-10 formcd no colony by HTCA, and it 
was impossiblc to labcl PC-6 cells with “‘Cr. Al1 of 

PC cc11 lincs cxccpt PC-13 were rcsistant to frcshly 
obtaincd lymphocytcs. On thc othcr hand, thcsc 
cc11 lincs were sensitivc to lymphocytcs activated 
with rIL-2. Thc dcgrec of colony inhibition evalu- 
atcd by HTCA as wcll as thc cytotoxicity dctcctcd 
by “‘Cr-rclcasc assay wcrc diffcrcnt for cach of thc 

six cel1 lines. These differences may depend on the 
diffcrenccs in thc numbers of the determinant 
against lymphocytes activated with rIL-2 on cach 

tumor ccll. 
There was a positive correlation between per 

cent inhibition of colony formation obtainrd by 
HTCA and per cent cytolysis obtaincd by “‘Cr- 

rclcasc assay in lymphocytcs activatcd with rIL-2. 
Howcvcr, therc cxist scveral important differcnces 
bctwccn thc results of thcsc two assays. First, in 
most of the cel1 lines cxcept PC-9 cells, HTCA was 
more sensitivc in dctecting the cytotoxicity of lym- 
phocytcs activatcd with rIL-2. Second, inhibition 
of colony formation was not observcd in HTCA if 
the cytotoxicity of lymphocytes cxpressed as per 
cent cytolysis was lcss than lO-15% by “‘Cr- 

relcasc assay in most cel1 lines. The exact rcasons 
of these phenomena are unclear. but these phe- 
nomena seem to be derived from the differ- 
cncc of methodology of these two assays. With 
HTCA, it is possiblc to expose tumor cclls to 
lymphocytes for a long-term pcriod. Long-term 
incubation in “‘Cr-release assay is difficult because 
of thc incrcascd spontaneous release. In addition, 
thc targct cells detected by thc two assays diffcr. 
Third, non-lethally damagcd cells may release 

“Cr, and stil1 regrow in soft agar. In addition, HTCA 
allows growth of human tumor cclls whilc prcvcnt- 

ing the growth of normal host cclls. HTCA may bc 
ablc to solve problems arising in thc determination 

of lymphocytcs cytotoxicity for autologous frcshly 
isolated tumor cells by thc “‘Cr-rclcasc assa)‘. 

a. E/T=l2.5 : 1 s .- 

B Q o / 

Percent cytolysis 

b. E/T=25 : 1 c. E/T=50 : I 

Percent cytolysis 

Correlation of cytotoxicity offreshb obtained lymphocytes (0) and bmphocytes activated mith rlI.-2 (0) between per cent 
inhibition of colony formation obtained by HTCA andper cent cyto+is obtained 0~ ” Cr-release assay in PC- 1, 3, 7, 9, 13 and 14 
(Table 4). Figures in (0) and (0) represent number of PC cel1 lines. The cornlation was high[y signijcant in E/T = 12.5 : 1 (a) 
(r = 0.90, P C O.OOl), E/T = 25:l (b)(r = 0.91, P < 0.001) and E/T = 50 : 1 (c) (r = 0.89, P < 0.001). Thesolid 

lines represent the least sguares regression lines. 
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Thc clonogenic tumor cclls have been considcrcd chcmotherapy. Thcrcforc, HTCA may providc an 
to bc rclatcd to tumor stem cel1 that mctastasizc important tooi for thc dctcction of cytotoxicity of 
and regrow aftcr surgcry, radiation thcrapy and lymphocytcs against clonogenic tumor cclls. 
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