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SUMMARY: Using labelled single copy DNA to cytoplasmic messenger RNA 
from a glioma cell  l ine,  i t  is shown by the excess RNA hybridizat ion 
technique that a human glioma and a human fetal brain cell l ine both 
contain the mid and low abundancy classes of cytoplasmic messenger 
RNA. However, the high abundancy class present in the glioma cel ls is 
absent from the hybridizat ioo prof i le  of the fetal cel l  l ine. Most of 
the nuclear RNA species complementary to this single copy DNA were 
present in the low abundancy class of both cel l  types; the 
mid-abundancy class was present in much lower concentration than in 
glioma cytoplasmic RNA and the high abundancy class was essential ly 
absent. The extent of formation of Sl-nuclease resistant hybrids 
indicated that some of the messengers which are present in the high 
abundancy class in the cytoplasm of glioma cel ls are present in the 
lower abundancy classes of fetal brain cel ls .  Thus the glioma cel ls 
appear to exhibi t  a higher degree of special izat ion potential than the 
embryonic cel ls.  

A human glioblastoma multiforme cell  l ine,  a clone from th is  

l ine and a human fetal brain cell l ine have been characterized 

previously (1-4). The effect of potential growth modifiers on the 

rate of pro l i fe ra t ion and the cell cycle of these cel ls  was 

subsequently studied (5-7). These culture systems of fer  the potential 

to compare the genetic expression and the regulation of ce l lu la r  
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pro l i fe ra t ion in a human brain tumor cell and i ts  embryonic 

counterpart. Such comparisons are of importance since the theory that 

oncogeny represents blocked ontogeny (8) implies that upon neoplastic 

transformation cel ls retain, or obtain in varying degrees, phenotypic 

character ist ics of the embryonic ce l l .  

The genetic expression in d i f ferent  ce l lu la r  phenotypes may be 

compared by molecular hybridizat ion. Many ear l ie r  studies have 

involved comparisons of messenger RNA populations in the cel ls  during 

phenotypic changes induced by, for example, d i f fe ren t ia t ion  (9). The 

messenger RNA sequences in the tumor cell has also been compared to 

the d i f ferent iated cel l  of or ig in ( I0).  In such comparisons i t  was 

found that related cell types often d i f fe r  within the l imi ts  of the 

techniques in the re la t ive messenger abundance, rather than in the 

presence, or absence, of specif ic messengers, or groups of messengers. 

In the present invest igat ion the cytoplasmic messengers and the 

nuclear pre-messengers of the glioma and fetal brain cel l  l ines were 

compared by RNA excess hybridization with single copy DNA (cDNA) 

prepared to the cytoplasmic messenger RNA of the glioma cells. The 

results suggest that these tumor cells represent a later stage in 

ontogeny than do the 16 week fetal cells. 

MATERIALS AND METHODS 

Cell Culture: The isolation, growth and cloning of the cell lines has 
been described in detail previously (5). Briefly, the glioma line was 
originally derived from a glioblastoma multiforme biopsy obtained from 
the temporo-parietal region of a 72 year old woman. The fetal cell 
line was originally derived from the cerebral hemispheres of a 16 week 
old therapeutically aborted fetus. The cells were cloned by the 
glass-chip technique (11), then grown in rol ler bottles in Eagles 
Minimal Essential Medium (MEM) plus 5% NCTC-135 (Gibco, Grand Island, 
N.Y.) supplemented with 10% fetal calf serum (Flow Labs, Rockville, 
MD) and 10 ml/l of antibiotic antimycotic mixture (Gibco). 

Cell Fractionation: Confluent monolayer cells were harvested, rinsed 
twice with ice-cold phosphate, then treated for 7 min with buffer 
containing 1% NP40 (12) before gently homogenizing. Nuclei were 
pelleted from the homogenate at 10,000 rpm x 10 min at 3 ° C, 
resuspended in the lysis buffer and repelleted again to eliminate 
cytoplasmic contamination associated with the perinuclear membrane. 
The lack of gross cross-contamination of the nuclear and cytoplasmic 
fractions was confirmed by l ight microscopy. 
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RNA Pur i f i ca t ion :  The cytoplasmic f rac t ion  was adjusted to 0 .1MTr is  
-0.5% sodium dodecyl su l fa te ,  I00 mM EDTA, pH 9.0, p r io r  to 
deprote in izat ion by phenol at pH 9.0 and 4°C(13). The nuclear RNA was 
s imi la r ly  deproteinized at 65°C with r e d i s t i l l e d  phenol, a f ter  
dissolving the nuclear pe l le t  in I0 vols. of buf fer  containing 140 mM 
NaCl, 50 mM sodium acetate, pH 5.0, I0 mM EDTA and 0.5% sodium dodecyl 
sul fate (14). The RNA was precip i tated twice at -20°C from 0.15 M 
sodium acetate, pH 5.1, then lyophi l ized and stored in l i qu id  
nitrogen. 

Preparation of cDNA: DNA complementary to cytoplasmic messenger RNA 
of cloned glioma ce l l s ,  was synthesized by incubating 30~g of 
cytoplasmic RNA with 5 units of "avian myeloblastosis v i rus" reverse 
transcr iptase (obtained from Dr. J. Beard, L i fe Sciences, Inc. ,  St. 
Petersberg, FL), 0.5 ~g of ol igo(dT) primer (P-L-Biochemicals, Inc. ,  
Milwaukee, WI), 1.0 mM each of dATP, dGTP, dTTP and 250 ~Ci of 
[ H]-dCTP (54.9 Ci/m mol, New England Nuclear Corp., Boston, Mass.) 
in I00 ~I of 50 mM Tris-HCl,  pH 8.2 buf fer  containing I0 mM 
d i t h i o t h r e i t o l ,  5.0 mM KCI, 5 mM Mg acetate and 12.5 ~g/m of 
actimomycin D for  60 min. at 37°C (15). Af ter  hydrolyzing the RNA 
with a l ka l i ,  the DNA was recovered by chromatography on a Sephadex 
G-50-Chelex i00 with 50 ~g. of l i ve r  tRNA as ca r r i e r ,  and sized by 5% 
slab polyacrylamide gel electrophoresis.  The gel loading buffer 
contained 80% formamide, lOmM NaOH, 0.1% (w/v) xylene cyanol and 
bromophenol blue and the DNA was heated to 95°C fo r  5 min in th is 
buffer before electrophoresis.  The running buf fer  was Tris (90mM, pH 
8.3),  boric acid (90mM)~ EDTA (lOmM) and urea (8.3 M). Fluorography 
was according to Laskey and Mi l ls  (16). 

Hybr id izat ion studies: The cDNA:RNA hybr id izat ion was performed in 
double s i l i con ized glass cap i l l a r ies  containing in a reaction volume 
of 4.0 ~I, 0.03 ~g/ml of cDNA (5000 cpm) and from 0.8 ~g/ml to 9.0 
mg/ml of RNA in 240 mM Na2HPO4/NaH2P04, pH 7.0 and 2.0 mM 
EDTA. The hybr id izat ion was carried out with tota l  cytoplasmic or 
nuclear RNA since 30-40% of the messengers may ex is t  in a poly A 
def ic ien t  f rac t ion  which does not bind to ol igo (dT)-cel lu lose 
(17-19). 

The reaction mixtures in the heat-sealed cap i l l a r ies  were boiled 
4 min, then incubated at 70°C to achieve the appropriate Rot value. 
Hybrid formation was assayed using S 1 nuclease treatment to destroy 
single stranded nucleic acid (20). The data were analyzed with the 
aid of a computer. By subject ing 3 consecutive points at a time on 
the data plot (Fig. I )  to least square analysis, an estimate was 
obtained of the slope wi th in each overlapping t r i p l e t ,  together with a 
confidence interval  around each slope. I t  was assumed that the data 
consisted of non-overlapping st ra ight  l ines and that a l l  error terms 
were normal with mean zero and common variance. 

RESULTS AND DISCUSSION 

Upon acrylamide gel electrophoresis most of the cDNA migrated as 

a broad band wi th in the size range of 600 to 1600 nucleotides, with a 

single band at 180 nucleotides. The glioma [3H] cDNA was hybridized 

to excess glioma, or fe ta l  brain cytoplasmic RNA with the Rot values 

extending over 7 orders of magnitude. The resul ts are shown in Fig. 

1. In the homologous hybr id izat ion ( i .e .  glioma cDNA vs. glioma 
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Fig. 1. Hybr id izat ion of s ingle copy DNA to cytoplasmic messenger RNA 
o f  human glioma ce l l s  with (A) the homologous cytoplasmic messenger 
RNA from the glioma ce l l s ,  (B) the cytoplasmic messenger RNA from 
fe ta l  brain ce l ls  (C) the nuclear (messenger precursor) RNA from 
glfoma ce l ls  and (D) the nuclear RNA from feta l  brain ce l l s .  

cytoplasmic messenger RNA) three RNA abundancy classes were observed 

(Fig. IA). The cumulative total  of cDNA hybr id iz ing in the high, 

intermediate and low abundancy classes was 14%, 45% and 94% at Rot 

values of 10 -2 , I0 and 104 , respect ively.  In the heterologous 

hybr id izat ions (i.eo glioma cDNA vs. feta l  brain RNA) only the 

intermediate and low abundancy classes were observed (Fig. IB) with 

30% and 94% of the cDNA hybr id iz ing at Rot values of 1.0 and 104 , 

respect ively.  Most of the cDNA formed S I res is tant  hybrids in both 

cases. This suggests that essent ia l ly  al l  of the messenger species 

present in the glioma ce l ls  are also present in the feta l  brain ce l l s ,  

but those represented in the high abundancy f rac t ion  of the glioma 

cel ls  are present in much lower concentration in the feta l  cel l  l ine .  

Upon hybr id izat ion of the cDNA to cytoplasmic messenger with 

glioma cel l  nuclear RNA, only the intermediate and low abundancy 

classes were detected, with 32% and 75% of the cDNA hybr id iz ing at Rot 

values ~f I0 and 104 , respect ively (Fig. IC). Therefore, 75% of the 
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cDNA nuclear RNA hybrids were S 1 nuclease res is tant  at saturat ing 

concentrations of nuclear RNA, as compared to 94% in the homologous 

hybr id izat ions with glioma cytoplasmic RNA (see above). 

In the heterologousreaction between feta l  brain cel l  nuclear RNA 

and the glioma cDNA probe (Fig. ID),  again only the mid and low 

abundancy classes were present. Approximately 10% and 80% of the cDNA 

was in Sl-nuclease res is tant  hybrids at Rot values of approximately 

300 and 104 . Again these data confirm that most of the messenger 

sequences in the nuclear RNA are present at a lower abundancy than 

the i r  counterparts in the cytoplasm, there being an absence of the 

high abundance species and a markedly lower concentration of the 

midabundant species. Since essent ia l ly  a l l  of the sequences of feta l  

cel l  nuclear RNA which hybridizes with the single copy DNA is located 

in the low abundant class, there is a s ign i f i can t  sh i f t  of the Rot 1/2 

value i .e .  from approximately 2.0 with theglioma cel l  nuclear RNA, to 

approximately 3.0 with the feta l  cel l  nuclear RNA, re f lec t ing  the 

increased complexity. Differences in other ROtl/2 values shown in 

Fig. I are marginal. The presence of the abundant class of messenger 

RNA's in the cytoplasm, but not the nucleus of the human g l ia l  ce l l s ,  

re f lec ts  the operation of post - t ranscr ip t ional  controls (21). 

In related studies (C. Icard-Liepkalns, unpublished observations) 

i t  was shown that the template a c t i v i t y  in the re t icu locy te  lysate 

t rans la t ion system of the messenger RNA isolated from glioma and fetal  

brain cel l  l ines,  was comparable to that of pure globin messenger RNA. 

Upon analysis of the [35S]-methionine labeled t rans la t ion products 

by two dimensional acrylamide gel electrophoresis and fluorography, a 

number of proteins were observed which represented products of the 

high and mid-abundant messenger RNA's. Predictably some were common 

to both cel l  types, whi le the concentration of others depended on the 

cel l  type. None of these proteins can at present be iden t i f i ed  with 

known proteins. 
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In general i t  is accepted that abundantmessengerRNA's are 

character ist ic  of the d i f ferent ia ted state (I0). They are also 

character ist ic  of cel ls  where the corresponding gene(s) has been 

amplif ied, as for example, under the selective pressure of 

chemotherapy (22). The fact that the glioma nuclei do not contain 

abundant species while the cytoplasm does, is easi ly explained by 

d i f fe ren t ia l  post- transcr ipt ional selection of the individual 

messenger species (21). 

Tumor cel ls appear to be blocked in development, somewhere 

between fetal (embryonic) cel ls and the f u l l y  d i f ferent ia ted cel ls  

(8). Because of a lack of appropriate normal embryonic cel ls for 

comparison i t  is common to compare the biochemical and morphological 

character ist ics of the tumor with the corresponding d i f ferent iated 

cel l  (e.g. l i ve r  with hepatoma) in order to attempt to ident i fy  the 

lesion leading to loss of growth control.  Since tumor cel ls also have 

many character ist ics s imi lar  to embryonic cel ls ,  with the exception of 

loss of growth regulation and other neoplastic a t t r ibutes,  i t  is 

equally important to also carry out studies on the other side of the 

spectrum. Since the results of the present study indicate that the 

glioma cel ls are biochemically more highly d i f ferent ia ted than the 

embryonic cel ls ,  the two human cell l ines should be very useful in 

future investigations related to growth regulation in neoplasia. 
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