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TRANSCRIPTION FACTOR IEVELS IN MEDULIARY THYROID CARCINOMA
CELLS DIFFERENTTATED BY HARVEY RAS ONCOGENE:

C-JUN IS INCREASED
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In the TIT cell line of human medullary thyroid carcinoma, the viral Harvey
ras (v—rasH) oncogene induces differentiation, marked by morphological
changes, diminution of growth, and increased expression of the calcitonin
gene. Here, we show that the transcriptional factor c-jun is increased during
v-rast! induced differentiation of TT cells both at the mRNA and functional
protein levels. In contrast, nuclear proteins with binding activities related
to AP2, AP3, NF1/CTF, and Spl were unchanged in v- differentiated TT

Cells. © 1990 Academic Press, Inc.

The ras family of oncogenes are best characterized for their transforming
capabilities in rodent fibroblasts, and their activation in various
experimental and naturally occurring cancers (1). However, in some cell types,
ras oncogenes can play a role in cell differentiation. Introduction of ras
genes or protein into PC12 rat pheochromocytama cells induces neuronal
differentiation accampanied by cessation of growth (2-4). We have noted in the
TT cell line of human medullary thyroid carcincma that introduction of v-rast
by infection with Harvey murine sarcama virus (HaMSV) results in decreased
growth, altered morphology, increased secretory granules, and increased
expression of the calcitonin gene, including a change in the alternative
splicing of the calcitonin gene transcript to more close resemble that of
normal thyroid C-cells (5). Finally, Seremetis et al (6) have shown that
introduction of v-ras! into human lymphoblastoid cells promoted plasmacytoid
differentiation.

While these disparate effects of ras oncogene expression must involve
signalling pathways leading to differences in gene expression, these pathways
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are not yet entirely defined. An important question is whether ras employs
same of the same pathways in its role as a transforming agent or
differentiating agent in different cells. In several genes which have been
shown to be requlated by ras, the ras respansive INA element contains an
c-jun/AP1 binding site (7-11), suggesting that same of the effects of ras may
be mediated through a jun family protein. Recently, it has been shown that in
both 3T3 cells (12), in which ras is transforming, and in PC12 cells (13), in
which ras is differentiating, the transcription factor c-jun is induced by
ras. We have examined the modulation of several transcription factors in TT
cells, in which ras has a differentiating function. Here, we show that c-jun
is increased as a result of introduction of the v-rast gene into TT cells.

MATERTALS AND METHODS

Cell CQuiture. TT cells were grown in RPMI-1640 containing 16% fetal bovine
serum, 100 U/ml penicillin, and 100 ug/ml streptamycin. They were infected
with either HaMSV and amphotropic murine leukemia helper virus 1504A, or, as a
control, with 1504A helper virus alone, as described previously (5).

Northern Blotting. Ten days postinfection, cells were harvested and RNA
was isolated using guanidium isothiocyanate followed by oligo QT cellulose
chramatography (14). Ten micrograms of poly A+ mRNA were blotted and
hybridized, as previously described (5), with probes for c-jun/AP1 (15),
NF1/CTF (16), or B-actin.

Mobility shift Assay. Nuclear extracts were prepared from TT and IT ras
cells by the method of Dignam et al. (17), except that buffer C contained 420
mM KCl instead of 420 mM NaCl. In addition, since TT ras cells apparently have
high protease levels, leupeptin (0.5 ug/ml) and pepstatin (1 ug/ml) were
added. Double stranded oligonucleotides containing a consensus binding site
for APl (5'-CTAGTGATGAGTCAGOOGGATC-3'), AP2 (5 ' -GATCGAACTACOGOCOGOGGCOOGT-31),
AP3 (5'-CTAGTGGGACTTTOCACAGATC-3'), Spl (5'-GATCGATOGGGGOGGGGCGATC-3'), or
NF1/CTF (ss'—mcccmmmogAmm—y) were obtained from Stratagene and
labeled to a;pmd.ggtely 10° cp/ug by replacement synthesis using Klenow DNA
polymerase and ¢-[32P]-dCTP or a-[>2P]-dATP. Binding was done at 0°C in
20 ul containing 2 x 10 cpm oligomucleotide, 4.5-18 ug crude nuclear
extract, 2 ug poly dI-dC, 50 mM KC1, 10 mM HEPES, 5 mM EDTA, 10% glycerol, pH
7.9. After 10-15 minutes, samples were loaded on a 5% polyacrylamide (79:1
acrylamide:bis) gel in 6.7 mM tris C1, 3.35 mM Na acetate, 1 mM Na EDTA buffer,
pH 7.9, and electrophoresed at 4°C for 2 hours. Binding with each of these
double stranded oligonucleotides could be blocked by excess cold homologous
oligomxcleotide (data not shown).

RESULTS

TT cells differentiated by infection by Ha-MSV (1T ras cells) express
increased (5~15 fold) levels of c—jun mRNA, relative to c—jun levels in
parental 1T cells or IT cells infected by helper virus alone (Fig. 1A). 1In
contrast, mRNA levels of the OCAAT box binding factor NF1/CTF were unchanged in
TT ras cells (Fig. 1B). In support of this finding of increased c-jun mRNA in
IT ras cells, we have also fourd an increase in functional jun family related
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Figure 1. Ing?sed levels of c—jun mRNA in TT cells differentiated by
v~ oncogene. Northern blot of poly A+ RNA from uninfected TT
cells (lanes 1), TT cells infected with 1504A amphotropic murine
leukemia helper virus (lane 2), and TT cells infected with Ha-MSV
(lanes 3). A, c-jun mRNA detected by hybridization with pHT (15);
B, NF1/CTF detected by hybridization with pBS.CTF1 (16); C, 8-actin
mRNA for normalization of loading, detected by hybridization with a
human B-actin probe, as described previously (5).

DNA binding activity in these cells. Nuclear extracts were prepared from TT
and TT ras cells, and incubated with a double stranded oligonucleotide
containing a consensus DNA sequence for the jun binding site. Binding activity
for these oligomxlectides, which may be due to several members of the jun
family, was detected by a gel mobility shift assay. As shown in Figure 23,
substantially more of the jun family consensus DNA binding site was bound when
incubated with nuclear extracts from TT ras cells, suggesting that the c-jun
MRNA is translated to functional protein.

Since ras induced differentiation of TT cells resulted in an increase in
the c-jun transcription factor, we have used a similar gel mobility shift assay
to examine whether this effect was specific, or whether mumerocus other
transcription factors might generally be modulated by ras induced
differentiation in these cells. We emphasize that this gel mobility shift
assay does not identify the exact protein responsible for binding the
oligonuclectide, but may detect one or more members of a family of DNA binding
proteins with similar sequence specificity; the jun family, for example, has at
least three members (18,19). We have noted no differences, in nuclear extracts
fram IT or TT ras cells, in levels of protein binding for oligonucleotides
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Figure 2. Increased levels of c-jury/APl, but not AP2, AP3, NF1/CTF or Spl DNA
sequence binding proteins in TT ras nuclear extracts. Iabeled
double stranded oligonucleotides containing the consensus sequences
were incubated with indicated amounts (in micrograms) of nuclear
extract from IT or IT ras cells, and protein-DNA complexes were
separated from free oligonucleotides on nondenaturing 5%
polyacrylamide gels, as described in Experimental Procedures. A,
c=jun/APl; B, AP2; C, AP3: D, NF1/CTF; E, Spil.

containing the consensus sequence for transcription factors AP2 (20,21), AP3
(22), Sp1i (23) or NF1/CTF (24) (Fig. 2B-E), save for a possible increase in a
minor high molecular weight AP3 band (Fig. 2C). The finding of no change in
NF1/CTF binding is in agreement with our results showing no change in NF1/CTF
mRNA in TT ras cells, and provides an internal control for possible differences
in nuclear extract preparations.

DISCQUSSION

In TT cells, as well as in 3T3 (12) and PC12 (13) cells, introduction of
ras oncogenes results in increased expression of c-jun. This suggests that, at
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least through the level of this transcriptional activator, ras may utilize
identical or convergent signalling pathways whether the resultant phenotype is
transformation or differentiation. Consistent with this possibility, it has
been found that in ras-transformed 3T3 cells, phosphoinositide turnover is
increased, with stimilation of the protein kinase C pathway (25,26).
Similarily, in TT cells, phosphoinositide turmover and protein kinase C levels
are increased (M. Mabry et al., manuscript in preparation). This pathway may
be the upstream effector of the increases we have abserved in c—jun levels,
since c-jun expression is stimulated by this pathway in rodent fibroblasts
(27,28).

Whether all of the phenotypic effects of ras in TT cells are mediated
through ¢—jun is uncertain. In our earlier studies employing chemical
differentiating agents TPA and cAMP on TT cells (29,30), some of the secretory
and morphological changes, which are also seen after ras mediated
differentiation, occurred within mimites, suggesting that changes in
transcription were not required for those changes. In other cell lines, in
several genes which are responsive to ras, the responsive element has been
shown to contain a c—jun/APl1 binding site (7-11). By analogy, we envision that
ras effects in other systems, including TT cells, may involve combinations of
transcription (and other) factors, including c-jun/APl. However, not all
effects of ras expression are mediated via c-jun/APl. For example,
Sassone~Corsi et al. (13) have recemtly shown in PC12 cells that in the c-fos
pramoter the ras responsive element is within the dyad symmetry element and
does not require the c—jun/APl binding site, although ras induced an APl like
binding activity in those cells.

In TT cells, expression of the calcitonin gene is stimilated during
v-rast mediated differentiation {(5). The human calcitonin gene promoter
contains the sequence TGACCICA (31; B.D.N., unpublished) which Broad et al.
(31) have noted is similar to the c-jun/AP1 consensus sequence. It will be
important to determine whether this site is part of a ras responsive element,
and whether this site is actually a sequence for c—jun/AP1 binding. In
addition, the availability of cloned genes for some of these transcription
factors, including c-jun/APl, will allow dissection of their specific effects
in differentiation or transformation.
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