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Glucocorticoid Insensitivity of PI 798 Lymphoma Cells Is Associated with

Production of a Factor That Attenuates the Lytic Response
E. Aubrey Thompson1
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ABSTRACT

PI 798 murine lymphoma cells die when exposed to glucocorticoids in
vivo. Such cells are sensitive to glucocorticoids in culture in serum-free
medium, and 80-90% of wild type cells will die within 24 h after addition

of 0.1 nM dexamethasone. However, addition of fetal bovine serum
prevents cell death in culture. Variants that were selected for resistance
to the cytolytic effects of glucocorticoids in vivo are relatively insensitive
to dexamethasone in culture. Insensitive variants die more slowly than
wild type cells, with 10-20% cell death observed within 24 h after addition

of dexamethasone. Conditioned medium from insensitive cultures protects
wild type PI 798 cells from dexamethasone in serum-free medium. Such

medium contains one or more factors that attenuate the lytic response.
This lysis resistance factor(s) has the properties of a protein and may be
a growth factor. Expression of the lysis resistance factor(s) appears to
be regulated by glucocorticoids. These studies define an heretofore un-

characterized mechanism whereby the ability of malignant lymphoid cells
to elaborate and/or respond to an autocrine factor(s) influences the extent
to which such cells die when exposed to glucocorticoids in culture and
probably in vivo.

INTRODUCTION

P1798 thymic lymphoma cells have been widely used as a
model system for the study of glucocorticoid induction of
lymphoid cell death (1-9). The tumor line has several advan
tages for such studies. Most notable among these is the fact
that established P1798 cell lines can be studied in parallel in
tissue culture and in vivo, as s.c. tumor masses. Our laboratory
group has exploited this property to test certain hypotheses
with respect to the mechanisms whereby lymphoid cells acquire
resistance to the cytolytic effects of natural and synthetic glu
cocorticoids. The initial studies undertook to test the hypothesis
that glucocorticoid resistance was attributable to mutation of
the gene encoding the glucocorticoid receptor. A large number
of studies indicated that such mutations were the primary (if
not the only) mechanism of resistance to the cytolytic effects of
glucocorticoids in culture (10-13). Analysis of P1798 variants
that arose following selection in culture indicated that P1798
cells are not unique in this respect. Two classes of receptor
mutants were isolated. One class expresses <10% of wild type
dexamethasone-binding activity (3). A second class exhibits a
null phenotype with undetectable glucocorticoid receptor pro
tein or mRNA (4).

Variants that were selected for glucocorticoid insensitivity in
vivo exhibit a more interesting phenotype. Such cells are vir
tually indistinguishable from wild type with respect to gluco
corticoid binding, glucocorticoid receptor protein, or glucocor
ticoid receptor mRNA (3, 4, 8, 9). Furthermore, cells that were
selected for insensitivity in vivo are sensitive in culture, by a
number of criteria (3, 4). Such observations lead to the hypoth-
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esis that, whereas glucocorticoid receptor mutations appear to
be the only means to achieve resistance in culture, other mech
anisms may obtain when selection is carried out in vivo. This
hypothesis is consistent with the observation that, with one
exception (6, 7), glucocorticoid receptor mutations have not
been identified in leukemia or lymphoma cells that have been
selected for chemotherapeutic insensitivity to glucocorticoids
in vivo (10-13).

Selection for glucocorticoid insensitivity in the intact animal
yields paradoxical results. Cells that can survive massive phar
macological doses of glucocorticoids in vivo are nevertheless
sensitive when exposed to glucocorticoids in culture. The par
adox is compounded by the observation that PI 798 cells exhibit
strikingly different responses in culture and in vivo. Wild type
P1798 tumors undergo regression when treated with glucocor
ticoids (3, 8). This is presumably due to the induction of an
apoptotic response in these cells (14-19). However, glucocor
ticoids do not kill P1798 cells in culture in the presence of fetal
bovine serum (2-4, 8, 19). Under these circumstances, one
observes rapid and reversible inhibition of proliferation, with
no evidence of apoptosis. The data suggest that failure of
glucocorticoid-mediated cell death is attributable to one or more
unknown substances that are present in fetal bovine serum.
When wild type P1798 cells are exposed to dexamethasone in
serum-free medium, lysis ensues rapidly. The response of wild
type cells under these conditions is very similar to that observed
in vivo (19). Cells that have been selected for insensitivity in
vivo are relatively insensitive to the cytolytic effects of gluco
corticoids in serum-free medium and exhibit a "slow death"

phenotype (19).
The experiments described in this report were undertaken to

elucidate the mechanism that accounts for the difference in
sensitivity observed when wild type and insensitive (in vivo)
P1798 cells are exposed to glucocorticoids in serum-free me
dium. It was known that fetal bovine serum contains substances
that attenuate the lytic response. Consequently, we proposed
the working hypothesis that lysis resistance factors are ex
pressed by P1798 cells that had been selected for insensitivity
in vivo. It was proposed that wild type cells either do not express
or do not respond to such factors. A series of experiments was
designed to test aspects of these hypotheses, and the results are
discussed below.

MATERIALS AND METHODS

PI 798 Cell Lines. Two related P1798 clones were used in these
experiments. The wild type clone is formally identified as P1798-C7.
A second, related subpopulation, designated 8xF, was isolated following
eight s.c. passages in glucocorticoid-treated mice. Details concerning
isolation and characterization of these cells have been published else
where (3).

Cell Growth. P1798 cells were adapted to growth in RPMI 1640
containing 25 mM Hepes [4-(2-hydroxyethyl)-l-piperazineethanesul-
fonic acid (pH 7.4)], 20 MM/3-mercaptoethanol, 10 mM glucose, 4 mM
glutamine, 5 Mg/ml transferrin, 5 Mg/ml insulin. 5 ng/ml sodium
selenite, and 0.5% (w/v) bovine serum albumin (fraction V). All reagents
were purchased from Sigma Chemical Co. The cells were maintained
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at densities of 2 x IO5to 2 x IO6cells/ml and were in passages 60-100
in serum-free medium.

Determination of Viability. Cell culture densities were determined by
counting in an hemocytometer following vital staining with Cytodi-
achrome (Regis Biochemical Co.). Living cells exclude Cytodiachrome
and stain a shiny pink with indistinct nuclei. Dead or moribund cells
cannot exclude the dye, and the nuclei of such cells stain dark red or
blue. The contrast between living and moribund cells is quite pro
nounced; and Cytodiachrome is, in our experience, superior to trypan
blue for assessing viability. The procedure for using this dye as a vital
stain is described elsewhere (19). Individual tissue culture flasks were
counted at least four separate times, each count involving a independent
dilution of the cells.

Preparation of Conditioned Medium. Unless otherwise specified con
dition medium was prepared by diluting cells in fresh serum-free
medium to initial densities of 4-5 x 105cells/ml. The cells were allowed

to condition the medium for 72 h. After this interval, the cultures were
centrifuged at 2000 x g for 15 min and the medium was aspirated,
filtered through a 0.22-/jm filter, and at stored at -20Â°C. Lysis resist

ance factor(s) is stable for greater than 6 months under these conditions,
and no loss of activity was observed upon repeated freezing and thawing.
For certain purposes, conditioned medium was concentrated with an
Amicon filter flow concentrator using a PIO filter.

RESULTS

Sensitive and Insensitive PI 798 Cell Lines Die at Different
Rates When Exposed to Dexamethasone in Serum-free Medium.
The data shown in Fig. 1 illustrate the response to dexameth-
asone of the two prototypic cell lines that were used in the
experiments described in this paper. Sensitive (C7) and insen
sitive (8xF) cultures were exposed to dexamethasone in serum-
free medium, and cell viability was determined as a function of
time thereafter. As previously observed, the two cell lines differ
significantly in the rate of glucocorticoid-induced cell death
(19). C7 cells die more quickly and 80-90% of such cells died
within 24 h after addition of the steroid. The 8xF cells are
relatively insensitive and exhibit a slow death phenotype. In
this experiment, Å“lO% of the 8xF cells died within 24 h.
However, 8xF cells are ultimately sensitive and all of these cells
die within 72 h after addition of dexamethasone.

Glucocorticoid-resistant PI 798 Cells Express a Factor(s) That
Attenuates the Lytic Response. A series of experiments was
undertaken to explore the mechanism that accounts for the
differences in response rates exhibited by these two related cell
lines. An initial clue was provided by the observation that
neither cell line dies in the presence of dexamethasone in fetal
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Fig. I. Rate of cell death of sensitive (C7) and insensitive (8xF) cell lines.
Serum-free medium was inoculated to a density of Â»2x 10' cells/ml. Dexameth
asone was added to a final concentration of 0.1 <J.M,and viability and cell number
were determined thereafter. Data are the mean of four replicate counts from a
single culture. Bars, SD.
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Fig. 2. Coculture of C7 and 8xF cells. Cultures were prepared containing 4 x
IO5cells/ml of the C7 or 8xF lines. These were divided into two cultures, one of

which was treated with 0.1 ^M dexamethasone. Viability and cell number were
determined after 24 h. Bars labeled 5 correspond to C7 cultures and those labeled
/ correspond to SxF cultures. D. viability of untreated cultures, S. viability of
dexamethasone-treated cultures. A third experiment involved mixing of C7 and
8xF cultures after treatment with dexamethasone (S+I p. Dex). Equal volumes of
control and treated cultures were mixed and cell number and viability were
ascertained. In a fourth experiment, a culture was inoculated with equal numbers
of C7 and 8xF cells (2 x 10* cells/ml of each). This culture was divided and one-
half was treated for 24 h with dexamethasone {S+I a. Dex). Bars, SD determined
for four independent counts of each culture.

bovine serum (3, 19). This suggests that the rate of cell death
may be influenced by diffusible factors and raises the possibility
that 8xF cells may elaborate some factor that protects the cells
from dexamethasone-mediated lysis. A mixing experiment was
carried out to test this hypothesis, and the results are shown in
Fig. 2. In this experiment, cultures of C7 and 8xF cells were
treated with dexamethasone for 24 h. As indicated in Fig. 2,
approximately 90% cell death is observed in C7 cultures (S),
whereas dexamethasone-treated 8xF cultures (/) are indistin
guishable from controls. Equal aliquots of dexamethasone-
treated C7 and 8xF cultures were mixed and viability was
determined, as illustrated in the third set of bars (S+I p. Dex).
As one would predict, the observed viability is intermediate. In
parallel, C7 and 8xF cells were mixed such that equal numbers
of each cell line were present in the final mixture. Dexametha
sone was added to the mixed culture, and cell viability was
measured after 24 h. As shown in Fig. 2 (5+7 a. Dex), significant
protection of both cell types is observed.

The observation that 8xF cells appear to protect C7 cells
suggests that the insensitive cell type secretes some factor that
suppresses dexamethasone responsiveness. This was confirmed
by the use of medium conditioned by 8xF and C7 cells, as
shown in Fig. 3A. Cl cells die when treated with dexamethasone
in fresh, serum-free medium or in C7 cell-conditioned CSFM.2

However, complete protection is afforded by the addition of
medium that was conditioned by 8xF cells (8xF-CSFM). The
substance(s) that provides this protection is detected in relative
abundance in 8xF-conditioned medium (Fig. 3B). Statistically
significant protection is observed in the presence of as little as
7% conditioned medium. In other experiments, significant pro
tection is observed in 1% conditioned medium. One also notes
that this substance does not afford continuous protection, and
an increased extent of cell death is observed by 48 h after
addition of dexamethasone.

Dexamethasone-mediated death of C7 cells is irreversibly

2The abbreviation used is: CSFM, serum-free medium supplemented with

medium conditioned with the appropriate cells.
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Fig. 3. Death of C7 cells in conditioned medium. Conditioned medium was
prepared from cultures grown to stationary density of C7 or 8xF cells. Three
cultures were inoculated with 4 x 10* C7 cells/ml. One contained fresh serum-
free medium (SFM), one contained fresh serum-free medium plus 50% (v/v)
serum-free medium conditioned by C7 cells (C7 CSFM), and a third contained
serum-free medium plus 50% serum-free medium conditioned by 8xF cells (SxF
CSFM). The cultures were split and one-half received 0.1 MM dexamethasone.
Viability and cell number were determined after 24 h, as shown in .1. In the
experiment shown in B, C7 cultures were set up with various concentrations of
8x1- conditioned serum-free medium (plus fresh serum-free medium). Initial
densities were =4 x 10s cells/ml. The cultures were treated with 0.1 MMdexa
methasone and viability and cell number were determined after 24 and 48 h. Bars,SD of four replicate counts for a single culture. ', P < 0.005 relative to 0%

conditioned medium; * P< 0.01 relative to 0% conditioned medium.

entrained by transitory exposure to glucocorticoids in serum-

free medium (19). This is evidenced by the observation that C7
cells will continue to die after removal of the steroid. It was of
interest to determine if conditioned medium would provide
protection if added after transitory exposure to dexamethasone.
The data shown in Table 1 indicate that this is not the case.
Dexamethasone causes significant loss of viability of C7 cells
after 4 h (experiment 1), and this is blocked by treatment in the
presence of conditioned medium (experiment 2). As previously
reported (19), C7 cells continue to die after removal of dexa
methasone (experiment 1) and about 50% of such cells are dead
20 h after removal of the steroid. This delayed cell death is not
prevented by placing the cells in conditioned serum-free me

dium after exposure to dexamethasone (experiment 3). It is
notable that 8xF cells are indistinguishable from C7 cells under
the conditions used for this series of experiments. This is
presumably due to the fact that 8xF cells were washed with
fresh serum-free medium and were exposed to dexamethasone
before the cells had sufficient time to condition the medium.

The Lysis Resistance Factor(s) Has the Properties of a Pro
tein. As shown in Table 2, the ability to protect C7 cells is lost
when 8xF-CSFM is heated at 95Â°for 5 min. The lysis resistance

activity exhibited by 8xF-conditioned medium is not removed
by extraction with dextran-coated charcoal and the activity is
retained by dialysis across a membrane with a M, 10,000
exclusion. These observations suggest that this lysis resistance
factor(s) is a protein. The results of gel permeation chromatog-
raphy are consistent with this conclusion. As shown in Fig. 4,
the factor Ã©lÃ»tesas a single major peak from Sephadex G-200.

If one assumes that the lysis resistance factor(s) is a globular
protein, an apparent molecular weight of 71,000 may be
estimated.

Medium Conditioned by Insensitive Cells Contains a Growth
Factor(s). During the course of these experiments, it was ob
served that 8xF-conditioned medium stimulates the growth of
dilute C7 cultures in the absence of dexamethasone. These
observations are summarized in Fig. 5, in which population
doublings of C7 and 8xF cultures were measured in fresh serum-
free medium and in medium conditioned by C7 and 8xF cells.
The data indicate that 8xF-conditioned medium contains a
substance(s) that increases the number of doublings that one
may observe within 72 h after subculture. The growth-promot
ing activity is present in those G200 fractions that exhibit lysis
resistance factor activity (not shown).

Addition of 8xF-conditioned medium has little or no effect
upon proliferation of P1798 cultures containing >2 x IO5cells/

ml. The ability to stimulate the net rate of cell proliferation is
observed only in dilute cultures. Wild type P1798 cells are very
sensitive to dilution in serum-free medium, and the viability of
C7 cultures is severely reduced [57 Â±6% (SD)] within 24 h
after dilution to culture densities of <105 cells/ml. Addition of
50% 8xF-conditioned medium increases viability of C7 cells
(96 Â±8% 24 h after dilution). The viability of 8xF cultures is
not significantly affected by dilution (88 Â±6%), and addition
of conditioned medium has little or no effect upon viability of
8xF cells (96 Â±6%). The data are consistent with the hypothesis
that the increase in population doubling observed in C7 cultures
may be due to inhibition of cell death, rather than a decrease
in the generation time.

Glucocorticoids Regulate the Expression of the Lysis Resist
ance Factor(s). Although 8xF cells are insensitive to glucocor-
ticoid-mediated lysis, such cells will die when exposed to dex
amethasone for prolonged periods of time (Fig. 1). This raises
the possibility that expression of the lysis resistance factor may
decrease when 8xF cells are treated with glucocorticoids. To
test this hypothesis, conditioned medium was prepared from
dexamethasone-treated 8xF cells and tested for lysis resistance
factor activity. As shown in Fig. 6, the medium conditioned by
dexamethasone-treated cells for 24 h is fully active in attenuat
ing the lytic response of sensitive (C7) cells. However, lysis
resistance factor activity is not detected in medium conditioned
for 48 h by dexamethasone-treated cells. The 48-h-conditioned
medium was prepared in a rather unusual way. Cells were
maintained for the first 24 h in medium containing dexameth
asone plus 1% fetal bovine serum. After 24 h, the cells were
sedimented, washed with serum-free medium, and suspended
in serum-free medium with dexamethasone. The 48-h-condi
tioned medium was prepared 24 h later, from cultures that were
>80% viable. The activity of the lysis resistance factor in the
48-h-conditioned medium therefore reflects the extent to which
this factor is elaborated in the interval between 24 and 48 h
after addition of dexamethasone. The data are consistent with
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Table 1 Effects of transitory exposure to dexamethasone in conditioned medium
Mid-log phase cells were sedimented by centrifugation, suspended in fresh serum-free medium (37"C), and sedimented again by centrifugation. The cells were then

suspended at densities of ~2 x 10' cells/ml in fresh serum-free medium (SFM) or serum-free medium conditioned by 8xF cells (CSFM). Dexamethasone was added
to 0.1 (jM for 4 h at 37Â°C.Dexamethasone-treated cells were sedimented by centrifugation, suspended in fresh serum-free medium, and sedimented by centrifugation.
The cell pellet was suspended in serum-free medium and incubated for 30 min at 37Â°C.The cells were washed again by centrifugation and finally suspended in SFM
or CSFM, as indicated above. Viability was determined prior to addition of dexamethasone ("Initial"), after 4 h with dexamethasone (Posttreatment), or 20 h after

removal of dexamethasone (Postrecovery). The results are from a single flask with the mean Â±SD determined by four replicate counts.

Cell line

Viability (%)

Treatment Recovery Initial Posttreatment Postrecovery

C7Experiment
1Experiment
2Experiment

38xFExperiment

4Experiment
5Experiment

6Dex

in SFM (4h)Dex
in CSFM (4h)Dex
in SFM (4h)Dex

in SFM (4h)Dex
in CSFM (4h)Dex
in CSFM (4 h)20

h inSFM20
h inSFM20
h inCSFM20

h inSFM20
h inSFM20
h in CSFM94

Â±394
Â±394

Â±388

Â±488
Â±488

Â±478

Â±792
Â±475

Â±574

Â±686
Â±485

Â±344

Â±288
Â±658

Â±655

Â±379
Â±590

Â±4

Table 2 Summary of the properties of the lysis resistance factor
Cultures of C7 cells were exposed to 0.1 /JM dexamethasone in 50% serum-

free medium (SFM) plus serum-free medium that had been conditioned by 8xF
cells (CSFM). Viability was determined 24 h after addition of the steroid. CSFM
was dialyzed for 24 h against 100 volumes of fresh SFM. Charcoal extraction
involved mixing CSFM with dextran T70-coated charcoal to a final concentration
of 5% charcoal (w/v) and 0.5% dextran (w/v). This mixture was incubated for 2
h at 37'C with intermittent mixing. Charcoal was removed by ccntrifugation and

the supernatant fraction was extracted a second time, as described above. All
treated CSFM fractions were sterilized by filtration through 0.22-^m filters. The
final concentration of CSFM was 50% (v/v) for all experiments.

Viability after 24 h (%)

AdditionsSFMCSFMDialyzed

CSFM
Charcoal-extractedCSFMHeated

CSFM (95'C, 5 min)Control91

Â±393
Â±587

Â±2
88 Â±593

Â±4Dexamethasone177883
85484715

5

binding (i.e., glucocorticoid receptor properties) and glucocor-
ticoid sensitivity (13). Overall, the data are consistent with the
hypothesis that glucocorticoid insensitivity of malignant lymph-
oid cells can arise in vivo by mechanisms that do not prevail in
culture. This is not altogether unexpected, since normal thy-
mocytes vary in glucocorticoid sensitivity, presumably as a
function of their state of differentiation (20-23).

Our laboratory group has a long-standing interest in the
mechanisms that account for glucocorticoid insensitivity in vivo,
and P1798 lymphoma cells have been studied extensively in
this regard. The properties of wild type P1798 cells (such as
C7) have been compared to those of variants (such as 8xF) that
have been selected for the ability to grow and form tumors in
glucocorticoid-treated mice. Three salient characteristics have

emerged from such comparisons: (a) wild type cells die when

the conclusion that expression of the lysis resistance factor(s)
is inhibited within 24 h after addition of glucocorticoids. This
decrease in lysis resistance factor activity is associated with of
8xF cell death (as shown in Fig. 1).

DISCUSSION

Glucocorticoid insensitivity among malignant lymphoid cells
is a phenomenon of considerable clinical interest and has been
studied by a number of laboratories for several years. Two
different approaches have been used in order to elucidate the
mechanism(s) whereby leukemia and lymphoma cells become
insensitive to the cytolytic properties of steroids of this class.
Studies carried out in culture have been more easy to interpret,
in general. Selection for glucocorticoid resistance in culture
gives rise to variants that harbor mutations in the glucocorticoid
receptor (10-13). There are no well-characterized variants that
express mutations in other loci. The regularity with which
receptor mutations are achieved in culture leads to the hypoth
esis that chemotherapeutic insensitivity to glucocorticoids (in
vivo) is likely to be associated with mutation of the gene
encoding the glucocorticoid receptor. A large number of studies
have been carried out to analyze glucocorticoid receptor func
tion in malignant lymphoid cells that exhibit chemotherapeutic
insensitivity. In certain cases, a correlation between glucocor
ticoid binding and insensitivity has been observed (10-13). In
only one case has it been shown that receptor mutation is a
likely cause of chemotherapeutic resistance (6, 7). In a great
many cases, it has been difficult to reach unambiguous conclu
sions with respect to the relationship between glucocorticoid

i uuâ€¢¿�80-60-40-20-_

<y>
i o Ã³ Â£>^1

lili1k

y;Vv,_-fV'-v
'*â€¢.\f'-!:J*Vffm "" â€¢¿�m'Â¿*.-.\!"*.1

UU806040.20n11

21 31 41 51 61 71 81

Fraction Number

Fig. 4. Gel permeation chromatography of lysis resistance activity. A column
(1 x 44 cm) was prepared containing Sephadex G-200, equilibrated in serum-free
medium. Conditioned serum-free medium was concentrated by ultrafiltration.
Penicillin and streptomycin were added and 0.5 ml of the concentrate was applied
and developed at a fioÂ»rate of 8.5 ml/h/cm2. Fractions of 0.5 ml were collected
and 50 uI of each were mixed with 50 u\ of culture containing 0.1 Â»\tdexameth
asone and 1 x 10* C7 cell/ml. Viability was measured after 24 h. The column
was calibrated using bovine serum albumin (Alb), ovalbumin (Oval), chymotryp-
sinogen (Chy), and RNase. The total volume (VT) was determined using 32P04
( VT= 41.3 ml) and the excluded volume ( V0) was determined using blue dextran
(V0 = 13.8 ml). The apparent molecular weight was estimated by determining
the K,,, according to the formula

v â€”¿�vis _ f ' r 0

y â€”¿�y

where V, is the elution volume of the substance of interest. The standard curve,
determined by plotting K,, of the standards against log M,, corresponded to the
relationship

AT.,= 0.470(log M,) + 2.595

with a coefficient of correlation = 0.998.
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exposed to glucocorticoids in vivo, whereas insensitive cells do
not; (Â¿>)in culture, in the presence of fetal bovine serum, both
wild type and insensitive cells are equally sensitive. Both
undergo reversible inhibition of proliferation, but neither dies
when exposed to glucocorticoids under these circumstances; (c)
wild type cells die very quickly in culture in serum-free medium,
whereas insensitive cells die more slowly. We have proposed
that selection for glucocorticoid insensitivity in vivo gives rise
to a subpopulation of cells that respond more slowly. The basis
for this conclusion is considered elsewhere, in more detail (19).

The experiments described in this paper address the hypoth
esis that the slow death phenotype, exhibited by cells that are
insensitive in vivo, is attributable to one or more substances
that act in an autocrine fashion to attenuate the glucocorticoid-
mediated lytic response that is characteristic of normal and
malignant T-lymphoid cells. The data are consistent with this
hypothesis. The slow death phenotype is dominant in mixed
cultures, and sensitive C7 cells exhibit the insensitive 8xF
phenotype when exposed to dexamethasone in medium condi
tioned by 8xF cells. Conditioned medium from C7 cells contains
little or no lysis resistance factor(s). The active principle has
the properties of a protein. The molecular weight is estimated
to be about 70,000, although one cannot be certain that this is
the native molecular weight of a single, unaggregated protein.
The lysis resistance factor appears to copurify with a growth
factor that is elaborated by insensitive, but not sensitive cells.
The properties of this growth factor have not been investigated
in detail, but one property suggests that both lysis resistance
and growth promotion could be inherent in the same factor.
Growth promotion by 8xF-conditioned medium appears to be
due to a decrease in the rate at which cells die in dilute cultures,
rather than an increase in the rate of cell proliferation per se.
We speculate that lysis resistance factor may have the general
property of protecting lymphoid cells from a number of envi
ronmental hazards, including excessive dilution or exposure to
glucocorticoids.

The lysis resistance factor attenuates the lytic response, de
laying the rate at which glucocorticoids induce cell death. The
factor appears to act very rapidly, conveying insensitivity when
dexamethasone and 8xF-conditioned medium are added to C7
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Fig. 5. Growth promotion by condition medium. Cultures were inoculated
with 5 x IO4C7 or 8xF cells/ml. Medium conditioned by C7 cells or 8xF cells

was added to a final concentration of 50% (v/v). Cell number and viability were
measured after 72 h. The number of population doublings was calculated from
the relationship

Doublings/72 h =
(Cells/ml at 72 h - cells/ml at 0 h)

Cells/ml at 0 h

The data for C7 cells represent the mean of three independent experiments,
whereas those for 8xF cells represent a single experiment.
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Fig. 6. The effect of dexamethasone upon elaboration of lysis resistance factor.
Cultures of 2 x IO5 C7 cells/ml were set up containing O.I nM dexamethasone

plus 50% 8xF conditioned medium, as indicated. One culture contained medium
that was prepared by suspending 8xF cells in serum-free medium (5 x 10* cells/

ml) containing dexamethasone. Conditioned medium was prepared after 24 h (24
h Dex-Cond.). The 48-h dexamethasone-conditioned medium was prepared as
follows: 8xF cells (5 x 10* cells/ml) were suspended in serum-free medium

containing dexamethasone plus I % fetal bovine serum. After 24 h. the cells were
sedimented and washed with fresh serum-free medium to remove residual serum
proteins. The cells were suspended in serum-free medium with dexamethasone
and conditioned medium was prepared 24 h later (48 h Dex-Cond.) Viability and
number of C7 cells were estimated 24 h after addition of dexamethasone. Bars,
SD of four replicate counts of a single flask.

cells at the same time. Insensitive 8xF cells are as sensitive as
C7 cells if they are washed with serum-free medium immedi
ately prior to addition of dexamethasone, and 8xF-conditioned
medium affords no significant protection if added to C7 cells
after they have been exposured to glucocorticoids. These obser
vations suggest that the slow death phenotype is dependent
upon continuous association with the factor. However, the lysis
resistance factor does not afford complete resistance to gluco
corticoids. Insensitive 8xF cells will eventually die in the pres
ence of dexamethasone. Slow death may be partly due to
glucocorticoid inhibition of expression of the lysis resistance
factor. However, both C7 and 8xF cells will eventually die when
exposed to glucocorticoids, irrespective of the presence of the
factor. This observation is consistent with the hypothesis that
glucocorticoids may regulate both the ability to respond to and
the ability to produce the factor.

The observation that lymphoid cells are capable of elaborat
ing and responding to factors that attenuate the lytic response
may have physiological as well as pharmacological significance.
It is known that nontransformed lymphocytes exhibit consid
erable variation in glucocorticoid sensitivity in situ (20-23).

This variability could be due to developmental or environmental
differences in the ability to secrete or respond to lysis resistance
factors. One could imagine that factors derived from the thymic
stroma could influence glucocorticoid sensitivity of cortical and
medullary thymocytes (20-23). Alternatively, factors present in

serum could modulate sensitivity of peripheral blood lympho
cytes. Lysis resistance factors may also be involved in chemo-

therapeutic insensitivity. Chemotherapeutic regimens are inter
mittent, and it is not unlikely that such protocols could select
for cells that exhibit the slow death phenotype which is associ
ated with elaboration of lysis resistance factors such as that
expressed by P1798 cells. The most thoroughly studied human
leukemia cell line is CCRF-CEM C7 (24, 25). The rate at which
glucocorticoids kill these cells is similar to that of P1798-8xF
cells, with 10-15% cytolysis observed after 24 h exposure to
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dexamethasone in serum-free medium.3 The data suggest that
CCRF-CEM C7 actually exhibits a slow death phenotype. It is
not yet known if CCRF-CEM C7 secretes lysis resistance
factors, but it may be relevant that the parental CCRF-CEM
cell population was isolated from an individual who exhibited
chemotherapeutic resistance to glucocorticoids (25).

The existence of lysis resistance factors may explain an
interesting phenomenon that we reported concerning the rela
tionship between tumor mass and glucocorticoid sensitivity of
P1798 tumors (5, 9). Wild type P1798 tumors undergo a rather
dramatic loss of glucocorticoid sensitivity once the tumors grow
beyond a certain size. It is possible that, beyond a critical size,
even wild type tumors may produce sufficient lysis resistance
factor to exhibit an insensitive phenotype. Alternatively, size-
dependent loss of sensitivity may reflect an increase in the
number of insensitive cells within the tumors, which arose from
cell populations that were not donai. It is conceivable that the
expression of lysis resistance factor(s) would increase as insen
sitive cells proliferate, ultimately reaching some threshold be
yond which the lytic response of the entire population would
be attenuated.

In conclusion, we submit that this report documents a novel
mechanism whereby T-lymphoma cells become insensitive to
the cytolytic effects of glucocorticoids. Similar mechanisms may
account for the chemotherapeutic insensitivity of human leu
kemia and lymphonia cells. It is also possible that lysis resist
ance factors may play a role in developmental changes in
glucocorticoid sensitivity of T-lymphocytes. It will be necessary
to characterize the lysis resistance factor before these hy
potheses can be tested, but the properties of P1798-C7 should
facilitate purification and characterization of the active
principle.
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