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ABSTRACT

Originally T-cell clone K7L-sensitive LI210 murine leukemia clones
were tested for their capacity to generate K7L-insensitive variants at
various times after cloning. All of the I 1210 clones (1,121(1, I, -2, -4, and
-7) maintained in vitro for 1 month were severely inhibited in their growth
in the culture in which K7L was added and in mice given injections of
K7L at the initial stage. This indicated that any I I 21(1 clone tested was
not a mixture of K7L-sensitive and K7L-insensitive clones at the time of
cloning. By both in vivo and in vitro K7L-mediated tumor suppression
assays, K7L-insensitive antigen loss variants were then found to be

generated from some (112104. L1210/7) but not other (1.121(1/1,1,1210,
2) originally K7L-sensitive LI 210 clones during 1 month of maintenance.

Ratios of variant cells to total clone cells 1 month after cloning were
estimated around 0.1% for 1,1210/7, 0.01% for 1.1210/4, and <0.001%
(undetectable) for I 1210 I and 1,1210/2. Neither I 1210 I nor I 121(1 2
generated detectable K7L-insensitive variant cells during long-term (14-

month) maintenance. All of the ten subclones of LI 210/7 which were
obtained 7 or 11 months after the initial cloning of LI 210/7 were K7L
sensitive, and not all the subclones generated K7L-insensitive variants in
1-2 months of maintenance after recloning. However, all of the subclones

of LI 210/7 which were maintained for 7 months generated antigen loss
variants. All eight clone cells obtained from original 1 121(1 and K7I -
insensitive LI210 expressed H-2K" and 11-21)" antigens detected by II
2Kd or Dd-specific cytotoxic T-lymphocyte clones or monoclonal antibod

ies. These results suggest that the antigen loss variants arise in originally
K7L-sensitive I 1210 clones at different times after cloning, and the

probability of generation of the variants is clonali) determined. The
antigen loss variants seem to be generated by rare (once per 1 to 2 months
or less frequent) chance with unproportionally rapid growth rather than
by more frequent development for simple accumulation. The ratio of
K7L-insensitive variant cells to total LI 210/7 cells did not increase
progressively during long-term (13 months or more) maintenance in vivo

or in vitro and was always below 0.1%. It was suggested that the
population size of antigen loss variants was controlled biphasically.

INTRODUCTION

Tumor cells escape host immunity through various mecha
nisms such as suppression of host immunity (1,2), blocking of
effector cell function by tumor-specific antibody (3) or by sol
uble tumor-specific antigen (4), or loss of the tumor-specific
antigen (5-18). Several years ago, Weinhold et al. (5) showed
that an antigen loss variant was developed from LSI78Y lym-
phoma long after tumor regression. Generation of antigen loss
variants was further demonstrated in the mastocytoma P815
injected into normal mice (6, 7) and in the UV-induced sarcoma
S1591 injected into UV-irradiated mice (8-11). These results
showed that tumor cells frequently lost tumor-specific antigen
to escape host surveillance. In vitro studies using various CTL3
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clones specific for a single tumor cell line revealed that P815
(13-15) and S1591 (16-18) have multiple tumor antigens on
the surface of a single cell. However, the dynamics of generation
of antigen loss variants at the clone level have not been under
stood.

Recently, we showed that an antigen loss variant of murine
leukemia LI210 grew in mice given injections of LI210 to
gether with a L1210-specific Lyt-2+ T-cell clone, K7L (12, 19).

The growing variant cell was ultimately rejected by the activated
host immunity, and the strong antitumor immunity against
both original and antigen loss variant LI210 was developed
after rejection of the L1210 variant (12). In this system, the
original LI210 was suggested to carry at least two tumor-
specific antigens; e.g., the target antigen of K7L and the antigen
common to original and K7I insensitive variant 1.1210. In the
present study, we studied the dynamics of generation of antigen
loss variants from individual LI210 clones at the clonal level.
The results will show that probability of generation of antigen
loss variant cells is clonally determined and is low even in the
clone generating variants at a higher frequency. The existence
of a mechanism to dynamically control the proportion of variant
cells to total cells will also be suggested.

MATERIALS AND METHODS

Animals and Tumors. Female DBA/2, C3H/HeN, BALB/c, and
BALB/c x DBA/2 F, (hereafter called CD2F,) mice, purchased from
the Shizuoka Experimental Animal Cooperation (Hamamatsu, Japan),
were used at 6 to 9 weeks of age. Tumor cell lines used were methyl-
cholanthrene-induced LI210 leukemia derived from DBA/2 mice and
K7L-insensitive LI210 variants which grew in mice given injections of
LI210 together with K7L. These tumor cells and their clone cells were
maintained either by serial (once a week) i.p. passages in normal
syngeneic mice or by in vitro passages (every 3-4 days).

Antibodies. Monoclonal IgM antibodies (culture supernatants) spe
cific for H-2K" (no. 8460-12) or H-2Dd (no. 8460-24) antigen were
purchased from Litton Bionetics, Inc. (Charleston, SC). Anti-L1210
serum was prepared as described (20). Briefly, CD2F, mice were primed
i.p. with 2 x IO6 L1210/LN-1 cells and then followed up with seven
i.p. booster challenges with viable 1 x IO7L1210 cells at intervals of 4

weeks. Antisera were collected 4 weeks after the last inoculation.
Cloning of LI210 Cells. LI 210 cells and K7L-insensitive antigen loss

variant LI210 were cloned as described (12) by limiting dilution of 0.3
cell/well in the presence of 5 x 10* thymocytes as filler cells in 200 n\

culture medium.
Generation and Maintenance of CTL Clones. (1)21, mice were im

munized initially with an i.p. injection of 2 x IO6L1210/LN-1 (a highly

immunogenic LI210 variant) cells and boosted with increasing doses
of original 1,1210 (L1210-hyperimmune mice) as described (20). For
generation of L1210-specific CTL, the mixture of responder SPC (5 x
106/rnl) prepared from L1210-hyperimmune mice and mitomycin C
(500 Ã<g/ml)-treatedL1210 stimulator cells (MMC-L1210, 5 x 105/ml)

was incubated in RPMI 1640 supplemented with 10% fetal calf serum,
100 units/ml streptomycin, and 5 x IO5M 2-mercaptoethanol (culture
medium) in a Petri dish. A L1210-specific T-cell clone, K7L, was
previously established by limiting dilution performed on day 19 of
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culture, followed by additional culture for 100 days, during which the
clone lost most of the classical cytolytic activity. The basic properties
of the clone K7L such as cell surface phenotype (Thy-l+, Lyt-l~, Lyt-
2*) and IL-2 dependency for growth have been described (19). Clone

K7L was maintained on 24 udÃ¬plates (Nunc, Roskilde, Denmark)
with 2 ml/well culture medium containing the supernatant of culture
of concanavalin A si miniateti rat SPC as a source of IL-2 (IL-2 medium)
in the presence of MMC-L1210 (2.5 x I05/ml) as antigen and 2000-R
X-ray-irradiated CD2F, SPC (2.5 x I06/ml) as filler cells. The number
of cultured cells was adjusted and refed with fresh IL-2 medium every
7-10 days. H-2Dd/l>-specific CTL clone U2 and H-2K"-specific CTL

clone U9 were established by limiting dilution (0.25 cell/well) from
SPC of C3H/HeN mice immunized with SPC of BALB/c mice and
were maintained for 3 years.4

Assay for K7L-mediated Tumor Growth Inhibition in Vitro. Sensitiv
ity of LI 210 clone cells to K7L for tumor growth inhibition in vitro
was assayed as follows. Tumor cells (IO4) were incubated in 0.2 ml
culture medium with or without 10* K7L cells for 2 days, and 0.5 nCi
| 'H Jthyniidiiie was added during the last 4 h. The percentage of specific

tumor growth inhibition was calculated as

% of specific growth inhibition
a-b

x 100

in which a is cpm of tumor cells cultured alone and b is cpm of tumor
cells cultured together with effector cells.

In Vitro Assay for Demonstration of Antigen Loss Variants. Tumor
cells (10s) were incubated together with 5x10* K7L cells and 5 x IO6
irradiated filler cells in IL-2 medium for 6 days and then in culture
medium without IL-2 for 3-5 weeks. The K7L insensitivity of tumor
cells that grew in this culture was confirmed by in vitro assay for K7L-
mediated growth inhibition.

Assay for K7I .-mediated Tumor Neutralization in Vivo. Sensitivity of
LI 210 clone cells to K7L in vivo was assayed by the method described
previously ( 19). Briefly, 10*tumor cells were inoculated i.p. into CD2F|
mice with or without 5 x 10s K7L cells, and the tumor cells, which
grew for 5-15 days, were collected by washing the peritoneal cavity
with 5 ml of heparinized minimum essential medium. A sample of this
ascitic fluid was placed onto a 24-well plastic plate and incubated for
30 min under 5% CO2 in air at 37"C to remove plastic-adherent cells

of large size (macrophages). K7L-mediated tumor neutralization was
most clearly observed at early stage (on day 5) of tumor growth. In the
case of the assay on tumor cells maintained by in vitro passage, the
tumor cells were transferred in vivo 1 days before assay.

In Vivo Assay for Demonstration of Antigen Loss Variants. LI210
cells (10*) were inoculated i.p. into CD2F, mice together with 5 x 10s

K7I. cells, and tumor cells that grew temporarily at the middle stage
(on day 10) after selection by K7L at the early stage were collected.
K7L sensitivity of these tumor cells was determined by in vivo assay for
tumor neutralization.

In Vitro Cell-mediated Cytotoxicity Test. In vitro cell-mediated cy-
totoxicity against tumor cells was measured by a 4-h s'Cr release assay.
Target tumor cells (IO7) were labeled with "Cr by incubation with 100
fid of Na25'CrO4 in 0.5 ml of culture medium for 1 h at 37Â°C.The
"Cr-labeled target cells (5 x IO4) were incubated with 5 x IO5 H-2-
specific CTL clone cells in 200 ^1 of culture medium for 4 h at 37"C in

a 5% CO.. in air. Supernatant (100 /<!)was taken from each well and
was assayed for radioactivity by an auto well gamma scintillation
counter (Aloka Co., Tokyo, Japan). Specific lysis was calculated as

% of specific lysis = x 100
o â€”c

in which a is cpm of supernatant of the culture of both target cells and
effector cell, b is cpm after lysis of target cells with 1% Nonidet P-40,
and c is cpm of the culture of target cells alone.

Flow Cytometry Analysis. Cells were treated with anti-H-2Kd mono
clonal IgM antibody (1:5 dilution), anti-H-2Dd monoclonal IgM anti
body (1:10 dilution), anti-L 1210 serum (1:30 dilution), culture medium,

or normal mouse serum (1:30 dilution) for 30 min at 4 ( and then
stained with fluorescein isothiocyanate-labeled mouse IgM-specific goat
antibody (1:40; Cappel, Cooper Biomedicai, Inc., Malvern, PA) of
fluorescein isothiocyanate-labeled mouse IgG-specific goat antibody
(1:40; Tago, Inc., Burlingame, CA). Immunofluorescence-positive cells
were analyzed with the aid of a cytofluorograph (Cell Sorter CS-20;
Showa Denko K.K., Japan).

Statistics. Data were presented by mean values with standard error
of three cultures or three to five mice. Probability of distribution was
determined by Student's i test.

RESULTS

Differential Generation of K71 -resistant Variants from Orig
inally K7L-sensitive LI210 Clones. Previously we obtained 7
K7L-sensitive and 8 K7L-insensitive LI 210 clones by a limiting
dilution method (12). Four of the seven K7L-sensitive LI210
clones that had been maintained for 1 month by in vitro passage
were injected into mice with or without K.7L for testing whether
K7L-insensitive LI210 variants grew in them (Tables 1 and 2).
All the four clones tested showed equally strong tumorigenicity
when injected without K7L but their initial growth in mice was
severely inhibited by K7L (Table 1). This ruled out the possi
bility that any LI210 clone we tested was a mixture of K7L-
sensitive and insensitive cells at the very time of cloning. Two
of four clones (LI210/7 and LI210/4) grew temporarily after
initial growth inhibition when injected together with K7L.
From 5 to 10 days after injection, clone LI 210/7 grew exten
sively to reach the level of growth of the original L1210 and
clone LI210/4 did less markedly. LI210/1 and LI210/2 did
not grow detectably in mice when injected simultaneously with
K7L.

As shown in Table 2, L1210 that grew in mice given injections
of L1210/7 or L1210/4 together with K7L was K7L insensitive;
it grew well when again injected into mice together with K7L
cells. This suggested that the K7I insensitive variant was gen
erated from originally K7L-sensitive L1210/7 or L1210/4 clone
cells during the 1-month maintenance after cloning. In contrast,
LI210/1 that grew by escaping K7L-mediated suppression
when injected into mice together with a smaller number of K7L
cells (effector/target cell ratio = 1) was not a K7L-insensitive
variant (data not shown). As also presented in Table 2 the
growth level of the variant LI210 in mice given injections of
10s LI210/7 clone cells together with K7L was comparable
with that of the variant LI 210 in mice given injections of IO2

variant LI210/7 cells without K7L. Additional experiment

Table 1 Differential abilities of originally K7L-sensitive LI 210 clones after short-
term in vitro maintenance to grow temporarily in mice given injections of the

clones together with K7L

L1210
clones*L1210/1L1210/2L1210/4L1210/7No.

of L1210 (x 10-*/ml) (mean Â±SE)*K7L

Day*51072

Â±144
+ 3Â±12072

Â±4513573

Â±42
+ 1 Â±0.33600

Â±336
+ 4Â± 1Day

101624

Â±661016

Â±363
1Â±0.63168

Â±432
117Â±792288

Â±83
2027 Â±1024Day

15564
Â±557

2Â±1D1

Â±0.5D172

Â±1701008

2Â±2

* Manuscript in preparation.

" LI210 clone cells (10s) maintained in vitro for 21 days after cloning were
injected i.p. with or without 5x10' K7L cells.

* Numbers of tumor cells in ascites were counted.
c Eleven of 12 mice given injections of L1210 clone plus K7L survived for

more than 60 days, whereas the mean Â±SE of survival times of 12 control mice
was 15 Â±2 days. D, all mice dead.
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Table 2 K7L insensitivity of tumor that grows in mice given initial injections ofL1210/7 or LI 210/4 plus K7L
No. of tumor No. of L1210 (x 1fT'/ml) (mean Â±SE)*

i umor originalen inun
mice treated withÂ°L1210/7L1210/7

+K7LL1210/4-I-K7Lcens

injeciea(xIO'2)1000

100011000

10001000

1000K7L

Da/5+
2249ÃŽ451^/><0-0011987

Â±164 /><O.OOI
+ 2361 Â±194/1856

Â±178
+ 1507Â±278Day

101328
Â±380

2476 Â±1322124Â±820'/'

1241Â±196
1283+2961325

Â±364
3488 Â±1164Day

15D9991536

Â±224
880D2336

* Tumor cells that grew in mice given injections of L1210 clone cells plus or minus K7L cells 10 days before (see Table 1) were injected into normal mice with or
without 5 x IO5K7L cells.

* Numbers of tumor cells in ascites were counted.
'All 5 mice given injections of LI 210/7 plus K71, survived for more than 60 days, whereas the mean Â±SE of survival times of 30 mice of other groups was 14 Â±

1 days. D, all mice dead.

Table 3 Successful demonstration by in vitro assay of the K7L-insensitive variant
in LI210/7 after short-term in vitro maintenance

L1210
clonesL1210/1LI

210/2L1210/4L1210/7Culture

1Â°Tumor

growth
K7L on day34~

*;

I;

!+

+ +Culture

II*[3H]thymidine

uptake (cpm)
K7L (mean Â±SE)94,703

Â±6,247
+ 184 Â±115

117,959 Â±7,885
+ 108,494 Â±4,369%

of growth
inhibition>99

8
Â°L1210/1, L1210/2, L1210/4, and L1210/7 clone cells (IO5) that had been

maintained in vitro for 21 days after cloning were initially incubated together
with 5 x 10! K7L cells and 5 x to' Tiller cells in II : medium for 6 days and
then further in culture medium for 34 days.

* Tumor cells (IO4) that grew in culture I were incubated with or without 10*
K7L cells in 200 >t\of culture medium for 2 days. [3H]Thymidine was added for

the last 4 h.

Table 4 K7L-insensitive variant tumor cells are not generated detectably in
L1210/1 or L12IO/2 after long-term in vitro maintenance

In vivo' In vitro"

L1210
clonesK7LL1210/1No.

ofL1210*(x IO-4/

ml) (mean Â±SE)DayS77

Â±23
4Â±2Day

10K7L1225

Â±299Tumor

growth
on day32:

L1210/2 134Â±(35) 747 Â±166

â€¢L1210/1 and LI210/2 (10* cells) maintained in vitro for 436 days after
cloning were injected into mice with or without 5 x 10* K7L.

'L1210/1 and L1210/2 (IO5 cells) maintained in vitro for 439 days after
cloning were initially incubated together with 5 x 10s K7L cells and 5 x IO6filler
cells in IL-2 medium for 6 days and then further in culture medium for 32 days.

'"Numbers of tumor cells in ascites were counted.

showed that the growth levels on days 5 and 10 of tumor
inoculation depended on the number (IO-IO3) of L1210 cells

inoculated initially (not shown). On the basis of these results
we provisionally estimated the proportion of variant cells to
total L1210/7 cells as 0.1 % ( l O2/105). Similarly, by comparison
of the growth levels of variants in K7L-suppressed mice (Table
1) with those of standard doses (IO-IO3) of L1210 in normal

mice, the proportions of variant cells to total LI 210/4, L1210/
1, and LI210/2 cells were calculated as approximately 0.01,
<0.001 (undetectable), and <0.001%, respectively. Study was
further made to see if the variant LI210 would also grow in

vitro in the presence of K7L (Table 3). Tumor grew only in the
LI210/7 culture that should contain a relatively high propor
tion of K7L-insensitive variant cells. The tumor that grew in
this culture was confirmed to be K7L insensitive by in vitro
growth inhibition test.

LI210/1 and LI210/2 clones that did not generate variant
cells demonstrable by either in vivo or in vitro assay 1 month
after cloning were further maintained by in vitro passage. Var
iant cells did not grow detectably in LI210/1 or L1210/2 even
after 14 months of maintenance when tested by both in vivo
and ;'// vitro assays (Table 4). These results suggested that the

four LI210 clones were heterogeneous in the ability to generate
variant cells during in vitro passage.

Subclones of I 121(1/7 Clone Generate Antigen Loss Variants
at Different Times after Recloning. It was tested whether all the
subclones of LI210/7 possessed equal abilities to generate
antigen loss variant. Subclones were obtained from LI210/7
that had been maintained in vivo or in vitro for 7-11 months
after initial cloning. The sensitivity of these subclones to K7L
and their ability to generate antigen loss variants were tested
by in vitro and in vivo assays. All 10 subclones of L1210/7 were
highly sensitive to K7L but variant LI210 was generated from
3 to 10 subclones during maintenance for 39-66 days after
recloning (Table 5). The probability of generation of the antigen
loss variant was tested in the 3 subclones L1210/7.11-L1210/
7.13 that were maintained in vitro for 7 months after recloning
(Table 6). Tumors grew in all cultures of 3 subclones added
with K7L, and the growing tumor cells were confirmed to be
antigen loss variants by in vitro growth inhibition assay. These
results showed that the subclones of L1210/7 generated antigen
loss variants at very different times although all of them pos
sessed the ability to generate variant cells in relatively long-

term maintenance in vitro.
Lack of Progressive Increase in Proportion of K7L-insensitive

Variant Cells to Total Cells during Long-term in Vivo and in
Vitro Maintenance. If a change from K7L-sensitive L1210 to
an K7L-insensitive variant occurred frequently and the growth
rates of original and variant cells were the same, the proportion
of K7L-insensitive variant cells to total cells would progres
sively increase with time. However, it did not attain a level
higher than 0.1% and was changed rather cyclically during
long-term maintenance in vivo (Fig. 1) or in vitro (not shown).
This suggested a regulatory mechanism to keep the proportion
of variant cells at a low level when K7L-mediated selection did
not operate. Possibly K7L-insensitive variant cells reverted to
K7L-sensitive ones during long-term maintenance. However,
we already showed that K7L-insensitive LI210 clones retained
the K7L insensitivity for more than 9 months (19). Moreover,
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Table 5 K7L sensitivity of all subclones of LI 210/7 established after long-term maintenance
Not all the subclones generate K7L-insensitive variant during relatively short-term in vitro maintenance.

Subclones of
LI 2 10/7Â«K7LL1210/7.11L1210/7.12L1210/7.13L1210/7.21L1210/7.22L12

10/7.24+L1210/7.31L1210/7.33LI

210/7.34L1210/7.35In

vitro0pHIThymidine

uptake (cpm)
(mean Â±SE)1

78,950 Â±14,878
1,393Â±318202,206

Â±14,274
1,348Â±19711

9,978 Â±5,215
905 Â±9655,580

Â±1,971
2,671 Â±1,02247,825

Â±3,906
876 Â±12949,445

Â±3,808
743 Â±26160,351

Â±3,260
2,733 Â±34360,035

Â±4,877
2,906 Â±1,13045,480

Â±6,045
1,477 Â±24740,695

Â±2,435
891 Â±65%

of growth
inhibition>99>99>9999989695959798In

vivo'No.

ofL1210*(x 10

Â±SD)K7L

Day5105
Â±17579

Â±137
+ 1 Â±0.4696

Â±20040

Â±20240

Â±2013

Â±6398

Â±52127

Â±16150

Â±70362

Â±166
+ 2Â±0Vml)

(meanDay

102,933

Â±2973,563

Â±605
64Â±6(T1,

888Â±2871,440

Â±741
20 Â±13'3,328

Â±178950

Â±5162,485

Â±219
1,597Â±723'2,032

Â±3551,808Â±

1382,646

Â±455
5Â±4

* Subclones were obtained by a limiting dilution method from 11210" clones that had been maintained in vitro for 221 days (L1210/7.11-L1210/7.13) or 337
days (L1210/7.21-L1210/7.24), or both in vivo for initial 293 days and in vitro for 44 days (L1210/7.31-L1210/7.35).

* Subclone cells (IO4) maintained in vitro for 64 days (L1210/7.11-L1210/7.I3) or 60 days (LI210/7.21-LI210/7.34) after recloning were incubated with or
without IO9 K7L for 2 days and | 'I I |ih>midim- was added for the last 4 h.

'Subclone cells (10') maintained in vitro for 32 days (L1210/7.11-L1210/7.13) or 59 days (L1210/7.21-L1210/7.35) after recloning were injected into mice
together with or without 5 x 10* K7L.

d Numbers of tumor cells in ascites were counted.
' These tumor cells (IO5) were confirmed to be K7L insensitive by in vivo tumor neutralization assay (see "Materials and Methods").

Table 6 All subclones of LI 210/7 generate K7L-insensitive variants during
relatively long-term in vitro maintenance

Culture (If Culture (II)'

Subclones of Tumor growth
L1210/7 K7L on day24L1210/7.11

-+L1210/7.12

-+L1210/7.13

- +[3H]Thymidine

uptake (cpm)
K7L (mean Â±SE)-

86,131 Â±3,510
+ 1,237 Â±108
- 73,81 5 Â±3,274
+ 57,645 Â±5,250-

87,053 Â±1,276
+ 3,271 Â±484
- 7 1,752 Â±6,059
+ 47,610 Â±6,562-

70,538 Â±2,765
+ 2,444 Â±215
- 68,766 Â±5,660
+ 69,281 Â±1,415%

of growth
inhibition99223497-1

â€¢Subclonesof LI210/7 (10*) (see Table 5) maintained in vitro for 225 days
after recloning were initially incubated together with 5 x 10s K71 cells and 5 x
111"filler cells in 112 medium for 6 days and then further in culture medium for

24 days.
* Tumor cells ( 104) that grew in culture I were incubated with or without 10s

K7L cells in 200 Â»Iof culture medium for 2 days. [3H)Thymidine was added for

the last 4 h.

Fig. 1. Antigen loss variant cells at various times after cloning. L1210/7 clone
cells that were transferred in vivo 21 days (arrow) after cloning were maintained
by in vivo passage. These tumor cells (10*) were injected into syngeneic mice with
(experimental groups) or without (control groups) 5x10* K7L cells at various
times after cloning. Numbers of tumor cells in ascites of the mice were counted
on days 5 and 10 of tumor inoculation. Mean numbers (â€¢)of tumor cells on day
10 of experimental groups and their percentage to numbers of control groups (O)
are shown. No significant tumor growth was demonstrated on day 5 of tumor
inoculation in all mice of experimental groups. The proportion of variant tumor
cells, which was provisionally estimated by comparison of the growth level of
variant cells in K7L-suppressed mice with that of 10-102 LI210 cells in normal

mice (Table 2), was 0.1% or less during the entire experimental period.

none of 32 subclone cells obtained from K7L-insensitive variant
I.I2Id clones that had been maintained in vitro for 12 months
were shown to be K7L sensitive by in vitro growth inhibition
assay (data not shown), although it would be technically difficult
to obtain revertant 1.1210 clone cells by limiting dilution if the
proportion of revertant cells was low.

Expression of H-2 Antigens on K71 -insensitivi' LI210 Cells.

It might be that K7L-insensitive LI210 cells lost H-2 antigens
and K7I, did not recognize 1.1210 specific antigen associatively
with H-2 antigens. However, all 4 clones from the original
L1210 line and 4 clones from K7L-insensitive LI210 expressed
H-2Kd and H-2Dd antigens, which were detected by "Cr release
assay using H-2Kd- or Dd/b-specific CTL clones and by flow
cytometry analysis using H-2Kd- or Dd-specific monoclonal
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Table 7 Normal expression ofH-2 antigens and serologically detectable LI 210-
specific antigen on K7L-insensitive antigen loss variant LI210

% of "Cr release*
T-cell clones (speci

ficity)

Degree of positivity detected by
antibodies' (specificity)

Tumorcells'Original

LI 210Original

LI 210Clone
1Clone
2Clone
4Clone

7U9(K*)5374477351U2(D4/1>;54705675708460-12

l (K")6.05.44.96.85.98460-24<D")3.35.63.04.46.6Serum(L1210)5.04.55.44.55.9

Variant LI210 60 51 7.3 2.6 9.1

Variant L1210Clone
1Clone
2Clone
6Clone

7336067504855715210.07.35.84.97.36.75.67.02.75.05.72.7
Â°Original LI210 clone cells and K7L-insensitive antigen loss variant LI210

clone cells were obtained from original and antigen loss variant I 1210 cells,
respectively.

* Tumor cells were incubated with H-2Kd-specific CTL clone U9 or H-2Dd/b-

specific CTL clone U2 at an effector/target cell ratio of 10.
' Degree of positivity was quantitatively assessed by flow cytometry. The ratio

of the peak fluorescence with monoclonal anti-H-2K" or H-2Dd antibody or anti-
L1210 serum to that with culture medium or normal mice serum was calculated.

antibodies (Table 7). These results indicated that K7I .-insensi
tive I.I2Id cells had lost tumor-specific antigen but not H-2
antigens. In addition, all 8 clones from original LI210 or K7L-
insensitive 1.12Id expressed serologically detectable LI210-
specific antigen. Therefore, K7L-insensitive LI210 clone cells
retained the I.I? Id-sped tic antigen that was different from
target antigen of k 71 .

DISCUSSION

In the present paper, the dynamics of the generation of
antigen loss variant in LI210 leukemia cells were depicted at
the clonal level. Two of 4 clones tested such as LI210/7 and
LI210/4 clones were shown to possess the ability to generate
antigen loss variant cells during short-term (1 month) in vitro
maintenance. In contrast, LI210/1 and LI210/2 clones did not
generate variant cells at a detectable level even after 14 months
of maintenance. All the subclones of L1210/7 generated variant
cells during 7 months of maintenance, although the times of
appearance of variant cells in the subclone cells were variable.
These results suggested that the frequency of generation of
variant cells from LI210 was clonally determined. The differ
ence in times of generation of variant in each subclone of
LI210/7 after recloning might correspond to deviation from
the certain probability of generation of variant in original clone.
All 1,1210 clones obtained from original LI210 or K7I .-insen
sitive LI210 expressed H-2Kd and H-2D" antigens detected by
H-2-specific CTL clones or monoclonal antibodies. Therefore,
K7L-insensitive antigen loss variant lost definitely tumor-spe
cific antigen but not H-2 antigens as a restriction element for
antigen recognition by K7L.

Goldie and Coldman (21) calculated the ratio (/â€¢")of drug-

resistant tumor cells {K} to total tumor cells ( V) in a tumor
cell population as

f = Â£= i - N-'

in which /' is probability of generation of variant from original

tumor in one generation time. If it is postulated that the

generation times of original LI210/7 and the K7L-insensitive
variant LI210/7 are equal and appearance of revertant of
variant cells is negligible, this formula can be applied to calcu
lation of P for variant generation in LI210. From LI210/7
clone cells, K7L-insensitive variant cells grew to around 0.1 %
(F = 0.001) of total LI210/7 cells 1 month after cloning. The
total cell number (A') at time t after cloning is 2l/'<>,and gener
ation time to is 0.7 day when one LI210 cell grows 1000-fold
in 1 week. P calculated from the formula by insertion of the
values (F = 0.001, t = 30, /â€ž= 0.7) is 3.4 x lO^5. However, this

assumption does not explain the following points: (a) each
subclone of L1210/7 generated variant cells to a detectable level
(0.01-0.1%) at very different times (<1 month-<7 months)
after recloning; (b) proportion of variant cells to total cells of
LI210/7 did not increase progressively by accumulation during
long-term maintenance. Therefore, our data might rather sug
gest that variant cells were generated in LI210/7 clones and
their subclones at much lower frequency (less frequently than
once per 1-2 months of maintenance), grew rapidly after gen
eration to reach a detectable level, and were down-regulated
thereafter not to grow progressively. With regard to the dynam
ics of growth of antigen loss variants, the following points seem
to be outstanding: (a) the probability of generation of variant,
which is clonally determined, is low even in the clone generating
variants at a higher frequency; (b) the rate of growth of variants
is regulated biphasically by an unknown mechanism. As far as
we are aware, this would be the first presentation on the
dynamics of generation of antigen loss variant at the clonal
level. The growth of variant cells might be controlled by host
natural immunity to eliminate the variant cells, which should
be mediated by macrophages (10), natural cytotoxic cells (22),
natural killer cells (23), or natural antibody (23). However, both
original and antigen loss variant LI210 cells grew well either
in vivo or in vitro and variant cells did not grow to occupy a
large part of the population even after long-term maintenance
in vitro. Therefore, host immune cells do not seem to play an
important role in keeping the proportion of variant cells at a
low level after their extensive growth at early time of generation
of variant. Woodruff et al. (24) suggested that murine fibrosar
coma, which often developed polyclonally in methylcholan-
threne-treated mice, required cooperation among different
clones for their growth. Growth of antigen loss variant LI 210
cells might also be controlled by interaction between original
and variant cells.

Recently, we identified a tumor-specific M, 90,000 antigen

on the cell surface of LI210 which could be precipitated with
LI210 hyperimmune sera (25, 26). We found no evidence that
the target antigen of K7L was identical to serologically detect
able L1210-specific antigen (Table 7). However, it is still pos
sible that K7L and antibody recognize different antigenic de
terminants on the same molecule. Furthermore, the possibility
is not ruled out that K7L cells recognize the determinant which
is the target of the minority of polyclonal antibodies in ami
1.1210 serum. Philipps et al. (27) showed that the tumor-
specific antigen of S1591 sarcoma which was lost in UV-
irradiated host was a M, 45,000 variant H-2 molecule by the
analysis of molecular (27) and gene (28, 29) structure of this
antigen. S1591 was strongly immunogenic for CTL generation,
which prevented its growth in normal mice. In contrast, the
original LI210 is very poorly immunogenic and is therefore
highly tumorigenic, suggesting that the 1.1210 tumor-specific
transplantation antigen as the target of K7L is not a variant II
2 antigen. Further study is in progress for molecular analysis
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of the structure of the L1210-specific M, 90,000 antigen and
its relation to the target antigen of K7L.

The present data showed that variant cells generated at low
frequency grew selectively after elimination of K7L-sensitive
cells by K7L. The mechanism of generation of the variant in
LI210 is not clear, but point mutation or recombination of
genes might occur as the cells divided. In the case of Trypano-
soma (30), which also loses antigens to escape from host im
munity, NH2-terminal amino acid sequences of the variant-
specific surface antigens are very much different from each
other, showing that the variant generation is not caused by
point mutation. Because the frequency of generation of variant
in LI210 is very low, a much more complicated mechanism
than point mutation might also work for generation of variant
in LI210. It is also a very difficult question whether the genetic
variation in LI210 was actively induced through direct stimu
lation by effector T-cells. There are good examples of antibody-
induced transient loss (modulation) of TL antigen (31, 32) and
human acute lymphoblastic leukemia antigen (33). However,
there is no evidence that antigenic modulation induced the
genetic change. The possibility is probably very low that antigen
loss variant LI210 cells were generated through the active
induction by K7L.
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