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I. Expression of c-myc and c-rasHa in T lymphocytes 
induced by various mitogens* 

Murine spienie T lymphocytes display maximal cellular myc gene (c-myc) expression 
already 3 h after concanavalin A timulation and sub equent down-regulation before 
the onset of DNA syntbesis. Stimulation by leucoagglulinin in the prcsence or ab
sence of interleukin 2 Ieads to only low initiaJ Ievels of c-myc-specific RNA which, 
however, increase later on. A similar pattero of c-myc expression is shown by the Lyt-
2+ T cell subpopulation stimuiated with eilher concanavalin A or leucoagglutinin in 
the prescncc of interleukin 2. Although eH]thyn1idine incorporation was identical , 
the leucoagglutinin-stimulated Lyt-2+ T cells werc void of any demon. trable c-myc
speci.fic RNA at 3 h post-stimulation. Thus, the kinetics of c-myc expression in mause 
T lymphocytes arenot at all uniform, but depend on the mitogen and the subpopula
tion. [n contrast , lcvel8 of c-rasH•-spccific R A wcre always low at early times, always 
increased towards tbe onset ofDNA synthesis and down-regulationwas not observed. 
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Among the ceU types originally investigated for cellular myc 
(c-myc) gene expression, cells of the hematopoietic lineage 
wcre found to be particularly active [1]. Kelly et al. [2, 3] 
reported an approximately 20-fold increase of c-myc-specific 
RNA in unseparated mause spleen cells shortly aftcr Stimula
tion w.ith lipopolysaccbaride or concanavalin A (Con A). The 
steady-state Ievel of myc-specific RNA then declined rather 
sharply before the onset of DNA syntbesis. Similar results 
wcre obtained with mitogen-activated fibroblasts (2, 3] and 
regenerating rat liver cells [ 4]. 
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This led to tbc suggestion that the c-myc gene product may 
function during the transition through the Gl phase oftllccell 
cycle. Subsequent reports have shown, however , lhat, among 
others, chicken embryo fibroblasts havc a constant Ievel of c· 
myc RNA [5] and that in quail embryo fibroblasts syothesis, 
half Life and modification of c-myc proteins are independent of 
cell cycle stage [ 6]. 

The expression of another c-oncogene, cellular ras Harvey 
gene (c-rasH•), has also been reported to be growth cycle 
dependent [7) and ras-geoe products were found in a variety of 
nonnal mammalian cells [8]. 

We here describe the kinetics of expressioo of c-myc and c
rasH• genes in mitogen-activated mouse T lymphocytes and T 
cell subpopulations. The Lyt-2+ T cell subpopulalion was cbo
sen because Stimulation by Con A does not result in actual 
growth unless interlcukin 2 is added. Tbis system therefore 
allows the analysis of c-oncogene expression as a result of 
Con A Stimulation witb or without subsequent proliferarion. 
We show that Ievels of c-myc-specific RNA depend on the 
mitogen used and tbe subpopulation of T cells investigated. 
The kinetics of myc gene expression differ considerably in the 
lwo Subpopulations ofT cells in spite of identical proliferative 
responses of the ceUs. c-rasH• gene cxpression shows a morc 
uniform pattern under the various conditions investigated. It 
occurred always latc after Stimulation and seemed to be more 
closely related to actual cell growth. 

2 Materials and methods 

2.1 Isolation and activatlon of T lymphocytes 

T cells from mause spleen cells wcre purified by passage 
through a nylon wool column (Lcuko-Pak Leukocyte Filter, 
Fenwal Laboratories , Morton Grove, IL) [9]. To allow tbe 
mitogenic Ieetins to act optimally after the J:>artial depletion of 
accessory cells, the cells werc incubated (107 cellslml balanced 
salt solution, BSS) witb neuram!nidase from V. cholerae (Test
Neuraminidase., Bebringwerke AG., MarburW, FRG) at a 
dilution of 1/50 for 1 h at 37 oc to removc negatively charged 
sialic acid from the cell surface [10]. Lyt-2+ T cell were 
obtained by treatment of purified T lyrnphocytes (1 x 107/ml 
BSS) with rat anti-mouse T4 rnonoclonal antibody at a dilution 
of 1:100 (Hl.29.19) (11] followed by rabbit anti-rat lg anli
body (Dako immunoglobuJins, Hamburg, FRG) at a dilution 
of 1 : 250 for 30 min at ooc and rabbit complement for 45 min 
at 37°C. Lyt-2+ cells (5 x 106/ml) were activated with Con A 
(2 ~glmJ) or leucoagglutinin (LA; 0.5 jlg/ml) [121 in tbe pres
ence of1L2 (30 U/ml; recombinant human rL2; Dr. Piersand 
Devos, Biogen, Gent, Belgium). AU cells were cultured. in 
RPMf medium (Gibco, Grand lsland, NY) supplemented with 
nonessential amino acids, 5 x w-s M 2-mercaptoethanol and 
5% heat-inactivated fetal cal.f serum (Gibco). 

2.2 Determination of proliferative activity 

Two x 104 cells were pulsed for 24 h with 5 !J.Ci = 185 kBq of 
CH]thymidine, spec. act. 2 Cilmmol. Determination of the 
incorporated radioactivity was performed as given in (10). 
Data are presented as triplicate means of cpm. 
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2.3 Preparation of RNA 

The lymphocytes were pelleted and resuspended ·in a 
guanidinium rhodanid buffer (4 M guanidinium rhodanidj 
0.5% sodium N-lauroylsarcosine, 25 mM sodium citrate, O.l M 
2-mercaptoethanol, pH 7.0). RNA was pelleted through !I 
CsCI cushion (1.7 kgll) at 80000 x g for 20 h, resolved in TES 
buffer (10 mM Tris-HCI, pH 7.0, 5 mM EDTA, 1% sodium 
dodecyl su!Jate, SDS) extracted by chJoroformlbutanol (4: l) 
and purified twice by etllanol precipitation. Twenty f.t& of total 
cellular RNNslot was electrophoresed on 1.5% agarose gels 
containing 6.3% formaldehyde. Gels were blotted on nitrocel
lulose sheets (0.2 )lltl , Schleicher and Schüll, Dassel, FRG) 
with 20 X sodium chloride, sodium citrate (SSC) for 36 h and 
baked for 2 h at 80 "C in vacuwn. The hybridization probes of 
~ecific DNA fragments were Jabeled by nick translation with 
3 P-dATP to a spec. act. of 1 x lOS cpmf~tg and hybridized for 
36 h at 42°C in 50% formamide , 6 X SSC, 1 x Denhardt's 
solution and 100 J.L'ml salmon sperm DNA. Filters werc 
was'hed in 0.2XSSC, 0.1% SDS for 60min at 60 "C. Auto
radiography was performed with Cronex-2 film (Dupon, Wil
mington, DB) at -70"C. 

2.4 Hybridlzation probes 

The 1.5 kb Sst I fragment from the secend exon of a human c
myc clone (a gift from Dr. Stehelin, Institut Pasteur de Lilie, 
Lilie, France) served as a myc-specific probe. As a ras11•

specific probe we used the 1.3 kb Kpn I/Pst I fragment of the 
clone Hl of Ha-MuSV [13] (a gift from J. Doehmer, MPI for 
Biochemie, Martinsried, FRG). The H-2-specific probe was 
pH-2d·l (14]. The probe for env is a pUC8 subclone containing 
the 1.0 kb Eco RI!Bgl n fragment of clone 36.1 of a xeno
tropic viral envelope gene {15] . 

3 Results and discussion 

3.1 c-myc and c-rasHI expression in T lymphocytes 

Mouse T lymphocytes isolated by passage through nylon wool 
columns contain apart from some residual macropbages and B 
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Flgure I. [3Hjthymidine incorporation by nylon wool-purified mouse 
T lymphocytcs following activalion by Con A, LA and IL2 and LA 
alone. Experimental condilions as detailed in Scct. 2.2. 
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lymphocytes (Lyt-2- ) helper and (Lyt-2+) cytotoxic or sup
pressor T lymphocytes [ 16]. Stimulation by Con A Ieads to (a) 
the expression of IL2 receptors; (b) production and secretion 
of IL2, particularly by helper T cells and (c) proliferation of 
both helper and cytotoxic T cells [17]. Stimulation by low 
doses of LA only results in tbc expression of IL2 reccptors but 
insufficient production of IL2 (12]. These cells thercfore pro
liferate only upon addition of IL2. This is shown in Fig. 1. 

Northern blot analyses using c-myc, c-ras"• and H-2-specific 
cloned probes were performed witb total RNA derived from 
the variously treated cells. Fig. 2 gives the results obtained 
with Con A-stimulated T ceUs. c-myc transcripts were 
increased drastically within 3 h post-stimulation and down
regulated towards the onset of DNA synthesis. This is in 
agreement with the findings described by Kclly et a.l. for 
unseparated spleen cells [2 , 3]. To corrcct for possibly unequal 
amounts of total RNA loaded onto tbe gels, the amounts of c
myc relative to tbose ofH-2-specific RNA were determined by 
densitometry in each case (see Fig. 6) . c-ras""-specific RNA 
increased much slower 1 but also seemed to be down-regulated 

lU I I <I 

0 ) 20 41 lt 0 J lO •I h 0 J 1~ 48 h 

ll(y{ 

l 4 kll ' H 2 

1,7 kiJ • , ..... .,. 

Figure 2. Northem blot analysis of the RNA of nylon wool purified 
mause T lymphocytes stimulated by Con A. Hybridi?.l!Lion witb 
radiolnbeled probes specific for (a) c-myc, (b) c-ras11

" and (e) H-2. 
Panels a) and b) represent blocs derived from panllel gels loaded each 
with 20 fl8 of the samc RNA preparation. They werc developed sepa
rately with the respective probes. Panel c) shows lhe resulr of a Subse
quent hybridization with an H-2-specific probe of hlot (a). The 
remaining c-myc-specific probe was not melted-off and c-myc specific 
hands are thereforc still visible above the 1.7 kb H-2-specific band. 
Preparation o( RNA , the probes and the hybrid ization conditions are 
described in Sect. 2.4. 
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somewhat between 20-48 h post stimulation. The hybridiza
tions with the H-2-specific probe are given as controls for 
intact RNA. 

In Fig. 3 the results obtained with LA-stimulated T cells are 
presented. Again, c-myc-specific RNA increased within 3 b 
post-stimulation, but to a much lowcr extent than in the 
Con A-treated cells. Most importantly 1 the amount of c-myc 
transcripts further increased at later times even in the absence 
of IL 2 when the cells did not proliferate. The same kinetics 
were found in the presence of IL 2 whicb allowed cell prolifer· 
ation, the total amounts of myc-specific RNA being elevatcd 
at 20 and 48 h. 

These results indicate that (a) early c-myc cxpress.ion per se 
does not Iead to proHferation and {b) the type of mitogen used 
to activate mouse T lymphocytes determines the kinetics of c
myc expression in T cells and down-re~lation is not concomi
tant with cell growtb. Rcgarding c-ras •-specific RNA, there 
was a minor increase tbroughout tbe post-stimulation period in 
the presenc.e or absence of 1L2. H-2 cootrols are included in 
Fig. 3. 

3.2 c-myc and c-rasH• expression in Lyt-2+ T lymphocytes 

Tbe above results bad been obtai.ned witb 1' cells containing 
both thc Lyt-2+ and Lyt-2- T cell subpopulations. The di(fcr
ences found with respect to c-myc RNA after Con A and LA 
stimulation could be due 10 a preferential stimulation of the 
two different subpopulations by tbe two mitogens [12). There
fore , Lyt-2+ T cells were isolated. Owing lo the Iack of belper 
T cells, eveo Con A al the conceorrations used hardly resulted 
in aoy ccll growth (Fig. 4). Addition of IL2 1 howeverl led to 
an inc.rease of [3H]thymidine iocorporation, confirming that 
IL2 receptors had been induced by Con A. Exactly the same 
pattern as with Con A was observed aiter stimulation ~ith ~A 
and thcse cells, in the presence of IL2, shgwed Jdentlcal 
growtb potential. However, as shown in Fig. 5 I the amounts of 
myc-specific RNA found 3 h post-stimulation were quite 
different (track 5 vs. 8) with comparable Ioads of RNA as 
shown by H-2 controls (see also Fig. 5) . Indced, LA-stimu
lated cell.s in the presence of IL2 early on bad barely demon· 
strahle amouots of c-myc-specific RNA which, however, 
increased significantly later on. lt is noteworthy that c-myc
specific transcripts, having already increased demonstrably 
witllin 3 h of Con A stimulation 1 were also increased after 

l II 0 J 20 20 48 H II Ul 0 J J 20 20 48 ~a l1 LA 0 :! ) 20 20 43 ~I< h 

II 2 11 --2 

'] 4 kh. 
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Fl'gure 3. Northern blot analysis of the 
RNA of nylon wool purified mauseT lym
phocytes stimulated by LA in the absence 
( -) or presence ( +) of tecombinant lL2. 
Hybridization probcs as described in Fig. 2. 
(a) c-myc, (b) c-ras"' and (c) H-2. Other 
conditions as described for Fig. 2. Note lhat 
panel c) (again) shows the result of re-hy
bridization of blot a) with an H-2-specific 
probe and the remaining c-myc-specific 
bands. 
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20 h with or without added IL2. Note that tracks 1, 7 and 10 
contained more intact RNA as revealed by the H-2 controls 
although, by absorbance determination, 20 v.g of total RNA 
werc applied in all cases. The c-myc-specific signals in tracks 7 
and 10 can therefore only be compared directly to the time 0 
control shown in track 1. However., as shown in Fig. 6, the 
amounts of c-myc-specific RNA relative to those of H-2 
increased up to 20 h in every case and decreased thereafter. 
Regarding c-ra expression, a comparison of tracks 1, 7 and 10 
of Fig. 5 reveals a true increase from 0 h to 48 h post-stimula
tion. 

Thediffercnces found in total Tcell populations regarding the 
kinetics of c-myc gene expression after Con A and LA activa
tion can thus in part be explained by the different T cell sub
populations addressed. While Con A stimula.tes both Lyt-2-
and Lyt-2+ T cells, LA at tbe concentrations used only acti
vates Lyt-2+ ceUs [12). The latter display tbeir peculiar kinetics 
of c-myc gene expression cven after Stimulation with Con A. 

In contrast to IL2, the platelet-derived fibroblast growth fac
tor as such induces c-myc expression in its target cells and in 
tbat respect mirnies the action of mitogens on lympbocytes [2, 

40 
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F/gure 4. [lH]thyrnidine incorporation by Lyt-2• and mouse T lyrn
phocytes stimulated by Con A or LA, both in the presence and ab
sence of recombinant IL2. 
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Figure 6. Summary evaluation of o-myc expression in T lyrnphocyu:s. 
Densitometry readings werc obtaincd of cach of l11e c-myc- and H-2-
specific bands shown in Figs. 2, 3 and 5. The values obtained for H-2 
were normalized to arbitrary units of l. Thc values obtaincd for thc 
corrcsponding c-myc bands were thcn computed in l.be samc manocr 
to prescnt 'lhe dcnsitometry rcadings of c-myc relative to H·2. This 
presentmion corrccts far por.sibly unequal amounts of total RNA loads 
in the variaus track . 

3, 18]. AL the same time however, it Jeads to cell proHfera
tion. This is unlike the growth requirements of Lyt-2• T cells 
which need botb induction by antigens or Ieetins and the 
growth factor IL2. Since the latter did not signiflcantly influ
ence the expre!>Sion of c-myc genes one indeed comes to the 
conclu ion that, if at aU, c-myc expression must be correlated 
with the mitogen-induced commitment of the cell to grow, 
rather than with actual growth. 

However, from our results a strong correlation between onset 
and strengtb of c-myc gene expression or Steady state Ievel of 
specific mRNA and commitment of the ceUs to grow is not 
obvious either. ln the case of Lyl-2+ T cells stimulated by LA, 
very little of c-myc-specific RNA would suffice early after 
mitogenic stimulation and down-regulation is not observed at 
all. Yet these cells, upon addition of tbe growth factor lL2, 
proliferate just as weil as unseparated Con A-stimulated T 

LA 

11 -2 

Figure S. Northern blot analysis of the RNA o( 
Lyt-2+ mouse T lymphocytes stimulated by 
Con A alone and by Con A or by LA in the 
presence o[ recombinant IL 2. Panels a) and d) 
are twa parallel blots dcri.ved from two parallel 
gelsloaded with 20 J.lg per ~Iot of the sumc RNA 
preparation. Blot a) was bybridized simultane· 
ously with c-myc and c-ras11"·specific probes. 
Blot b) was hybridized simultane()usly wllh an 
H-2-spceific probe and, as an additional markcr 
forintact RNA, with a probe specific for thc cnv 
gcne of an endogeneaus mouse retrovirus (15). 
Note that tracks 1, 7 and 10 tontained morc in
tact RNA as rcvealed by the H-2 controls. 
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cells in which a very early and very strong optimum of c-myc 
gene expression occurs. 

A much better corre!ation would seem to exist between c-myc 
and IL2 gene exprcssion or IL 2 production, respectivc!y. 
Indeed, mitogcn-induced Lyt-2- cells show similar optima in 
the kinetics of c-myc, as shown bere, and IL 2-specific mRNA 
[19] . Also , in both cases the down-regulation appears to be 
due to similar post-transcriptional mechanisms as indicated by 
the proteelive effect of cycloheximide on steady state Ievels of 
both typcs of mRNA (19, 20]. Convcrsc!y, Lyt-2+ cel!s pro
duce, if aily, very small amounts of IL2 and their Ieveis of 
myc-specific RNA are very low. 

Thus, the investigation of the two phenotypically distinct T 
lymphocyte Subpopulations r~vealed novel and interesting 
phenomena regarding c-oncogene exprcssion and growtb reg
ulation . Tbe uniform pattern of c-myc gene expression 
described so far for mouse Iymphocytes [1, 3] does not apply 
to al l T cell subsets in spite of comparable mitogen plus IL2-
induced proliferative responscs. Therefore, a diffe.rent type of 
correlation between c-myc gene expression and growth regula
tion may have to be considered. We hope to gain further 
insight into the actual involvement of the c-myc gene by ongo· 
ing studies using appropriate and specific anti-sense probes. 
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