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ABSTRACT

Several well characterized murine T-lymphoma cell lines were

used in somatic cell hybridization experiments to study the
genetic regulation of glucocorticoid-induced lysis. Cell fusions
were carried out among the SL12-derived cloned lines and

between the W7 and SAK8 lines all of which have functional
hormone receptors. These cell lines differ in their sensitivity to
glucocorticoid-induced lysis. The resultant hybrids were charac

terized by their growth response to 1 UM dexamethasone, their
hormone receptor content, their chromosome number, and the
expression of surface antigens. Fusion of the hormone-sensitive
W7 parent to a number of glucocorticoid-resistant cell lines

resulted in hybrids which were of the sensitive phenotype. In
contrast the fusion of another hormone-sensitive clone, SL12.4,
with glucocorticoid-resistant SL12 clones or with SAK8 always

resulted in hybrids resistant to glucocorticoid lysis. These results
reveal a complex genetic regulation of the hormone response or
the requirement for multiple gene activity in the mechanism for
glucocorticoid-induced cell lysis.

INTRODUCTION

The glucocorticoid-induced lytic response of thymocytes and

other lymphoid cells has been studied for more than 40 years;
however, the mechanism by which lysis is accomplished remains
completely unknown (1-4). The clinical use of glucocorticoids in

the treatment of leukemias and as immunosuppressive agents
is widespread. A genetic analysis of the nature of the lytic
response was undertaken to examine the regulation of this
response in a collection of differentially responsive T-cell lines.

Steroid hormones such as glucocorticoids are thought to act by
penetrating the cell membrane, binding with specific cytoplasmic
receptors and translocating to the nucleus (5-7). However, re
cent evidence suggests that glucocorticoid-receptor binding may
occur in the nucleus (8-10) where the steroid-receptor complex

has been shown to directly regulate gene expression (11,12).
Several murine T-lymphoma cell lines have been examined for

their proliferation and lytic response to the synthetic glucocorti
coid hormone DEX3 (13-17). Many reports have suggested that

the majority of murine T-lymphoma cell lines were naturally
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sensitive to dexamethasone-induced lysis (Dexs) and furthermore
that resistance to steroid-induced lysis was due to a malfunction

in the steroid response pathway described above. Clearly resist
ance to hormone-induced lysis results when cells lack functional

glucocorticoid receptor molecules (18) or lack nuclear retention
of the receptor-hormone complex (19, 20). Recently several T-

lymphoma cell lines with fully functional glucocorticoid receptors
have been identified which are resistant to dexamethasone-

induced lysis (14, 17, 21). A function apart from receptor action
which participates in the lysis response has been genetically
identified (21, 22). 5-Azacytidine treatment of SAK8 and SL12
DEX-resistant (Dex') cell lines results in a high frequency of DEX-
sensitive (Dex8) clones, suggesting that the gene(s) involved Â¡n

the glucocorticoid response (termed the lysis function) was in
active or nonresponsive due to DMA methylation (17, 22). The
fully functional steroid-receptor complex Â¡nthose Dexr cells fails

to change the expression of the lysis function sufficiently to
induce cell lysis.

This study, utilizing somatic cell hybrids between several dif
ferent T-cell lines, was designed to examine the nature of the

genetic regulation of the lysis function. The results obtained
indicate that cells sensitive to hormone-induced lysis are not

genetically identical with respect to the nature of the lysis re
sponse or to the activity of the lysis function.

MATERIALS AND METHODS

Cell Lines and Media. SL12.1, SL12.3, and SL12.4 are all clones of
a single AKR spontaneous thymic lymphoma, SL12 (17). SAK8TB and
SAKSTBoua' are T-cell lines derived from SAK8 (21), a spontaneous
tumor in an AKR mouse. W7TB and WTTGoua* were derived from

WEHI-7 (W7) cells, are dexamethasone sensitive, and are of BALB/c

origin (18, 23, 24) (Table 1). Cells were maintained by serial passage in
either RPMI containing 5% fetal bovine serum or Dulbecco s modified
Eagle's medium containing 10% fetal bovine serum. Media contained a

1% penicillin-streptomycin solution.
Introduction of Selection Markers. TK~ and HGPRT' selective mark

ers were introduced into the SL12 cloned cell lines by treating 5 x 107
growth phase cells for 2 h with W-methyl-A/'-nitro-A/-nitrosoguanidine (1-

1.5 /ig/ml) in dimethyl sulfoxide followed by extensive washing to remove
the mutagen. The cells were allowed to recover for 3-4 days before
plating at 5 x 105 cells/ml in selective medium (either 4 x KT4 M 5-
bromo-2'-deoxyuridineor1 x 10~* M 6Mhioguanine). The ouabain marker

in SAKSTBoua' was introduced by mutagenesis of SAK8TB with N-
methyl-A/'-nitro-A/-nitrosoguanidine (1 /ig/ml) and subsequent selection

in 1 mM ouabain. Viable cells growing in the selection media were then
cloned by limiting dilution in their respective selective media.

Cell Fusions. For each cell type 1x10'" cells to be fused were mixed

and treated with 50% PEG (M, 8000; Sigma Chemical Co.) for 45-60 s.

The cells were washed to remove the PEG and allowed to recover for
24 h before plating in 24-well plates at 1 x 10s cells/well in HAT medium
(25-27). In most cases the cells to be fused had either TK" or HGPRT

selection markers (Table 1). However, Â¡nsome of the fusions one parent
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NATURE OF GLUCOCORTICOID LYSIS MECHANISM

Table 1

Phenotypes of the parent cell lines used In fusions
500-

CelllineW7TBW7TGW7TGouarZSAK8TBSAK8TBouarSL12.1TBSL12.3TBSL12.4TGSelectionmarkerTK-HGPRT-HGPRT-,

ouar*TK-TK-,

ouarTK-TK-HGPRTDexamethasone

phenotype8DexsDex8Dex8DexrDexrDexrDexrDex8

" Represents the proliferation response to 1 ;Â¿Mdexamethasone.
"Cells with two selective markers were fused with wild-type cells lacking

selective markers and the hybrid products were obtained in the presence of HAT-

ouabain medium (see text).

(SAK8 or W7) possessed two genetic markers (i.e., either TK~ or

HGPRT" and ouabain resistance). Cells with two selective markers

permitted the fusion of this cell with any wild type cell using a HAT-
ouabain selection medium containing 5 x 1CT4 M ouabain. From 7-10

days after treatment with PEG, viable fusion products growing in the
HAT or HAT-ouabain medium were transferred to hypoxanthine-thymi-
dine media. Hybrids were cloned and maintained in hypoxanthine-thy-

midine media.
Chromosome Analysis and Cellular DMA Content. The chromosome

number of the hybrids was analyzed by counting metaphase prepara
tions. The DNA content was quantitated by flow cytometry using the
Salk Institute flow microfluorimeter and utilizing propidium iodide staining

(28).
Dexamethasone Growth Response and Steroid Binding Measure

ment. Hybrids were tested for their response to dexamethasone as soon
as possible after fusions. Cells were plated at 1 x 10s cells/ml in the

presence of 1 MMdexamethasone. Daily cell counts were performed over
a period of 3-4 days. Viable cells were identified by their ability to exclude

trypan blue dye. The steroid receptor number of the hybrids was deter
mined by the binding of [3H]dexamethasone (Amersham) to whole cells

using Scatchard analysis as described (29). An aliquot of the labeled
cells was used to determine the nuclear transfer of the steroid-receptor

complex in the hybrids (29,30).
Surface Antigen Analysis. Surface antigen expression was measured

quantitatively by flow cytometry as described previously (17).

RESULTS

Glucocorticoid Response of Parental and Hybrid Cells.
Genetic markers were introduced into the SL12 clones as de
scribed in "Materials and Methods." The effect of the glucocor-

ticoid hormone DEX on the proliferation of these cell lines is
shown in Chart 1 and Table 1. The SAK8 cell line is similar in
many respects to SL12.1 and SL12.3. These cell lines are of
AKR origin, have similar steroid receptor content, and are capa
ble of steady proliferation in the presence of 1 JIM dexametha
sone (Dex^. W7 and SL12.4, although derived from different
murine strains (BALB/c and AKR, respectively), have similar
steroid receptor content and both are highly sensitive to lysis by
dexamethasone (Dexs). Although both the W7 and SL12.4 cell

lines are lysed in the presence of 1 /Â¿MOEX, W7 dies at a faster
rate than does SL12.4.

To compare the glucocorticoid sensitivities of two different
Dexs cell lines, W7 and SL12.4, we carried out fusions of these
two Dex8 lines with DEX-resistant cells. The fusions of SL12.4
(Dex8) to SAK8 (Dex*), to SL12.1 (Dex*), and to SL12.3 (Dex')

resulted in hybrid responses to dexamethasone that were un
expected (Chart 2; Table 2). SL12.4 (Dex8) fused to either SAK8

Chart 1. Proliferation response of the parental cell lines used for cell fusion, to
the glucocorticoid hormone dexamethasone. Cells were plated at 10s cells/ml in
the presence of 1 IM DEX and viable cell counts were obtained at 24-h intervals.
T, W7 (Dex1); â€¢SL12.4 (Dex1); A, SAK8 (Dex^; Â», SL12.3 (Dex^; â€¢,SL12.1
(Dex1).

Chart2. Proliferation response to 1 (<M DEX of three Dex' cell lines fused
independently to SL12.4 (Dex*). A, partially resistant (DexÂ»)hybrid between SL12.4
(Dexl and SAK8 (Dex1);â€¢,Dex" hybrid between SL12.4 (Dex1) and SL12.3 (Dex1);
Â»,resistant hybrid between SL12.4 (Dex8) and SL12.1 (Dex1).

(Dex1) or SL12.3 (Dex1) resulted in a phenotype which we have
termed partially resistant (Dex1"). These Dex'5' hybrids are not

able to proliferate in 1 /*M DEX but are not lysed by the hormone.
Furthermore if the hormone is washed out of the media the cells
will begin to divide again exponentially. The Dex11'cells will also

recover from DEX treatment without washing out the hormone
after approximately 96 h in culture, since the steroid is rapidly
degraded after this period of time. The hybrid formed between
SL12.4 (Dex8) and SL12.1 (Dex1) surprisingly was able to prolif

erate in DEX almost as well as the SL12.1 parental cell line.
In contrast the dexamethasone sensitivity of the W7 cell line

was always dominantly expressed in fusions formed with the
SAK8 dex-resistant cell line (14,21 ) (Chart 3; Table 2). In addition
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Table 2
Hybrid crosses performed and their resultant dexamethasonephenotype

Fusion1

2
3
45

67Parental

linesW7TG

X SAK8TB
W7TGouar2x SL12.1

W7TBXSL12.4TG
SL12.4TG X SAK8TB
SL12.4TG x SL12.3TB
SL12.4TGxSL12.1TB
SAK8TBouarxSL12.1Resultant

Parental hybrid Av. chromo-
phenotypes phenotype* someno.Dex8

x Dexr
Dexs x Dexr
Dexs x Dexs
Dex8x Dexr
Dex8 x Dexr
Dex8x Dexr
Dexr x Dex'Dex'

Dex'
Dex'
Dex"
Dex"
Dex'
Dex'79

(77-80)
78 (77-79)
79 (79-80)
79 (78-80)
78 (77-80)
78 (78-80)
78 (77-79)

Tables
Dexamethasonereceptor content of the hybrid cells and their parents

Growth response to Receptor % of nuclear
Cell name dexamethasone sites/cell8 translocation

* At least ten clones from each hybrid were examined.
" Metaphasespreads of several hybrid clones were examined from each fusion

experiment. The range and mean are reported.

Chart 3. Proliferation response to 1 MMDEX of various cell lines fused to W7
(Dex'). â€¢hybrid between W7 (Dex") and SL12.4 (Dexl; A, hybrid between W7
(Dex') and SAK8 (DexO;â€¢,hybrid between W7 (Dex') and SL12.1 (Dex-).

W7 (Dex8) was fused to SL12.1 (Dex^ and SL12.4 (Dex8). In all
cases the resulting hybrid was Dex8 verifying that the glucocor-

ticoid sensitivity of W7 was indeed dominant (Chart 3).
The fusion of SAK8 (Dex1) with SL12.1 (Dex1) resulted in a

Dexr hybrid. No Dex8 hybrid clones were obtained in this cross

suggesting that the genetic basis of DEX resistance is similar in
these two cell lines since there was no complementation of lysis
gene(s) functions.

Each fusion listed in Table 2 was performed twice and numer
ous clones of the resulting hybrids were tested for their prolifer
ation response to dexamethasone and their corresponding chro
mosome number. Approximately 50 clones were examined from
fusions 4,5, and 6 of Table 2. All of these hybrids were resistant
or partially resistant to lysis by DEX. Since chromosome loss
from hybrids is random and these hybrids are exceptionally
stable, the probability is vanishingly small that specific chromo-

some(s) required for the lysis response were lost in every hybrid
clone but were always retained in hybrids formed between W7
and the same Dexr cell lines.

Glucocorticoid Receptor Function of Hybrid Cells. In order
to determine whether a loss of receptor binding or poor nuclear
retention of the hormone-receptor complex was responsible for
the resistance of the SAK8 and SL12 hybrids to DEX lysis, the
steroid receptor content of both the parent cell lines and several
hybrid clones was tested (Table 3). In general all of the Dexr

W7TGSAK8TBSL12.3TBSL12.1TBSL12.4TGSL12.4TGXSAK8TBSL12.4TGxSL12.3TBSL12.4TGxSL12.1TBDex'Dex'Dex'Dex'Dex'Dex"Dex"Dex130,00024,00015,00018,00036,00063,00055,00053,000NT561NT5869576151

* Receptor content was determined by a whole cell binding assay using [3H]-

dexamethasoneand analyzed by Scatchard analysis.
NT, not tested.

Table4
Surfaceantigen expressionof the SU 2 hybrids

Detailsof the methods used are found in Ref. 17.
T200 ThB Pgp-1 Thy-1 H2K"

SL12.1 TB ++ - ++ ++
SL12.3TB ++ - ++ ++
SL12.4TG + + - ++
12.1 x 12.3 ++ - ++ ++
12.1 x 12.4 + + + ++
12.4 x 12.3 ++ + + ++

parent cells have similar dexamethasone receptor sites/cell
(15,000-24,000), which is somewhat lower than the receptor
content of the Dex8 parental clones (30,000-36,000). The recep
tor content was quantitated in hybrids which were Dexr or Dex".

These hybrid cells displayed an approximate summation of the
hormone receptor content of the parent cell lines. Dex1* hybrids

resulting from two different fusion experiments had hormone
receptor content of 55,000 and 63,000 sites/cell. The Dex'

hybrids contained 53,000 hormone receptor sites/cell. These
values are comparable to those obtained for Dex8 hybrids re

sulting from fusions with W7 (14, 21).
The unusual results obtained in the fusions with the SL12.4

(Dex8) parent led us to examine the nuclear transfer properties
of the hormone-receptor complex. The Dex1* hybrids obtained
from fusions of SL12.4 (Dexs) with SAK8 (Dex^ and SL12.3
(Dex1) had nuclear transfers of 57 and 61%, respectively. The
Dex' hybrid resulting from the fusion of SL12.4 (Dex8) with
SL12.1 (Dex1) had a nuclear transfer of 51% (Table 3).

Verification of the Hybrid Nature of SL12 Fusions. The
surface antigen expression of some cell lines was examined to
verify the hybrid nature of the fusion products. We have previ
ously reported the surface marker expression of the genetically
unmarked parental SL12 clones (17). All of the cell lines were
reexamined following the mutagenesis used to introduce the
genetic markers. We did not observe any differences in surface
expression of the genetically marked cells (Table 4). An example
of the data used to derive Table 4 is shown in Chart 4. Flow
cytometry of the surface fluorescence of parents and their fusion
products permits a quantitative analysis of surface antigen
expression. All of the SL12 cell lines used expressed T200, but
only SL12.4 expressed ThB, and only SL12.1 and SL12.3 ex
pressed Pgp-1. Chart 4 shows that the SL12.4TG x SL12.3TB

hybrid expressed an intermediate amount of T200, ThB, and
Pgp-1. The regulation of these surface antigens is codominant.

The same type of regulation can be seen in the expression of
the H-2k surface antigen in the SL12.4TG x SL12.1TB hybrid.

The DMA content and chromosome number was examined for

CANCER RESEARCH VOL. 45 OCTOBER 1985

4806

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2421333/cr0450104804.pdf by guest on 19 M

ay 2023



T200

NATURE OF GLUCOCORTICOID LYSIS MECHANISM

Pgp-1

Relative Fluoresence
Chart 4. Surface antigen expression of the parental cell lines SL12.3 and SL12.4 and a hybrid cell line, SL12.3 x SL12.4. , parental cell lines: a, SL12.3; 0,

SL12.4. , fluorescence distribution of the hybrid. The peak fluorescence channel of the background (not shown) is defined as a relative fluorescence value of 1.0
(absolute peak background values for all the lines varied within a 2% range). Twenty thousand cells were analyzed for each sample. Full scale for cell number (ordinate)
is 1580 cells for both panels.

SO ISO SO 1SO 100

RELATIVE FLUORESCENCE

Charts. DNA histogram of parental SL12.1 TB (A), SL12.4TG (B), and the
hybrid between the two cell lines (C). Abscissa, relative amount of fluorescent DNA
distributed in G, , S, and 62 phases of the cell cycle; ordinate, number of cells which
display a given amount of fluorescence.

several clones from each fusion. All of the hybrid cells displayed
twice the DNA content of their respective parent cells. An ex
ample of the DNA histogram for the SL12.4 x SL12.1 hybrid is
shown in Chart 5. The importance of obtaining hybrid clones
with stable tetraploid chromosome numbers was necessary if a
genetic relation to the glucocorticoid lysis function was to be
made. Therefore large numbers of clones were tested for both
chromosome number and their proliferation response in 1 /Â¿M
DEX. All of the hybrid cells were remarkably stable with respect
to chromosome number (Table 2). Each hybrid was tetraploid
with 77-80 chromosomes and remained stable even after 3 to 4

months in culture.

DISCUSSION

The genetics of glucocorticoid-induced lysis of T-lymphoma

cells was examined using somatic hybridization. The results
suggest genetic differences between two hormone-sensitive cell

lines in the nature of this response. Both of these cell lines, W7
and SL12.4, are completely lysed by dexamethasone after 2-3

days of treatment, yet when they are independently fused to the
same Dexr cell lines the resultant hybrids exhibit different re

sponses. Our data support previous studies demonstrating that
the sensitivity of W7 is always dominant when functional recep
tors are present in the hybrid (14, 18, 21, 31). In contrast the
hormone-sensitive SL12.4 cell does not confer sensitivity upon
hybrids in the same fashion as does W7 (Dex8). Instead a
completely resistant (Dex^ or partially resistant (Dex1*)phenotype
is found when SL12.4 (Dexs) is fused to three different Dexr cell

lines. This finding contrasts with results with W7 cell hybrids
which are always Dexs. Furthermore the Dex1* phenotype has

not been described previously with somatic cell hybrids although
we have described this phenotype in cells derived from SL12.4
using two independent selection techniques (17). Our data pro
vide clear evidence that the genetic basis for glucocorticoid-

induced lysis is not identical between W7 and SL12.4. These
results also indicate that there is a difference in lysis gene
expression between cells displaying the Dex' phenotype. SL12.1,

SL12.3, and SAK8 are all resistant to DEX and have very similar
growth properties in the presence of 1 UM DEX (Chart 1).
However, when each of these Dexr lines is fused to SL12.4
(Dex8) the hybrids differ in the degree of DEX resistance. Hybrids

formed between SL12.4 and either SAK8 and SL12.3 are similar
to each other but different from hybrids formed with SL12.1 in
the type of resistance displayed. This conclusion is based on the
fact that when SAK8 (Dex1)or SL12.3 (Dex1)is fused with SL12.4
(Dex8), the hybrid is less resistant to dexamethasone than is the
SL12.1 (DexÃ“x SL12.4 (Dex8) hybrid. Since the receptor content

and nuclear transfer in all three of these hybrids is similar, the
difference must be in the genetic nature of the lysis function.

T-lymphoma cells with functional steroid receptors which are
Dexr can be rendered Dex8 following massive demethylation by
5-azacytidine (17, 21). The treatment of SAK8 (Dex1) and the
Dexr SL12 clones with 5-azacytidine rendered 15% of the treated
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cells sensitive to glucocorticoid-induced lysis (17, 21, 22) which

demonstrates that the glucocorticoid receptor in those cells is
capable of eliciting the lytic response. Dex" cells derived from
SL12.4 (Dex8) have also been rendered sensitive to glucocorti

coid-induced lysis after treatment with 5-azacytidine (17). The
Dex" hybrid cells described in this study have not been pre-
treated with 5-azacytidine although it is believed that this treat

ment would render some clones fully sensitive.
It is extremely unlikely that these hormone-resistant or partially

resistant hybrids have resulted from the loss of SL12.4-contrib-

uted lytic genes due to chromosome segregation since the
hybrids are extraordinarily stable with respect to chromosome
number and DNA content. Hybrid clones containing 80 chromo
somes (the full tetraploid number) consistently resulted in the
dexamethasone response phenotypes which have been de
scribed. Furthermore the genes for the surface antigens that we
tested are on different chromosomes. Since the hybrids ex
pressed intermediate amounts of unlinked differentially ex
pressed surface antigen, it is additional evidence that extensive
chromosome loss did not occur.

Glucocorticoids are used in the treatment of many forms of
leukemia in combination with other chemotherapeutic agents.
Although estrogen receptor content is useful in predicting re
sponsiveness of breast tumors to chemotherapy and as an
indication of prognosis, the presence of glucocorticoid receptors
is not predictive of leukemia responsiveness. We and others
have shown clear differences in the relative resistance of cells to
lysis and growth inhibition even in those cells containing fully
functional hormone receptors (17, 21). These differences may
relate to the relative maturity of the cells (see below).

Two lines of evidence suggest that the activation of a single
genetic locus by glucocorticoid action makes it difficult to account
for the lysis response. The first is the inability to obtain DEX-
resistant mutants in any Dex* cell line except those which affect

receptor function. Although thousands of clones derived from
mutagenized Dex8 cell lines W7 (14), S49 (14, 32), and human

CEM-C7 (33) have been selected for their ability to grow in Dex
(DexO, only defects in receptor function were obtained. CEM-
01, a Dex' derivative of the human CEM cell line, has been

shown by several criteria to contain glucocorticoid receptors, but
whether these receptors are fully functional has yet to be deter
mined (34). In no case have mutations in the genes involved in
the lysis response been obtained. In the normal course of thy-
mocyte ontogeny cells migrating from the bone marrow are Dex';
some of the thymocytes become Dex8 and later mature into

functional peripheral T-cells which have regained their resistance
to glucocorticoid-induced lysis. Furthermore the data which show
that cell lines such as SAK8, SL12.1, and SL12.3 can be ren
dered glucocorticoid sensitive following treatment by the de-
methylating agent 5-azacytidine and the spontaneous occur

rence of hormone resistance appearing in cultures of SL12.4 (17)
with fully functional receptors suggest that processes of differ
entiation, which inactivate and activate groups of genes, might
be required to regulate the expression of the lytic function. Our
data reporting intermediate phenotyes in the hybrid cells and the
lack of genetic identity between two Dex* cell lines show the

complexity of the response.
However, other possible explanations include: different de

grees of DNA methylation, which could limit the amount of lytic
gene product or the relative activation of the lysis gene(s);

stabilization of the products of the lysis gene in one hybrid versus
another; or the differential regulation in selected but not all cell
lines. A complete explanation for the complexity of the hormone
responsiveness that we have documented awaits the identifica
tion and isolation of the gene(s) responsible for glucocorticoid-

induced lysis.
This work has contributed new information on the genetic

nature of glucocorticoid-induced cell lysis. It has broadened the

definition of steroid resistance and sensitivity by noting that cells
that respond similarly to steroids may not have the same genetic
composition. The use of somatic cell hybridization revealed dif
ferences in hormone responsiveness which may indicate the
regulation of gene expression by DNA methylation or indicate
that the action of more than one gene product is required to
elicit cell lysis. These results and the cell lines may prove to be
useful in the isolation of the gene(s) responsible for glucocorti
coid-induced cell lysis.
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