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Detection of the H-RAS oncogene in human thyroid anaplastic carcinomas 
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Summary. We have transfected high-molecular-weight DNA from human thyroid carcinomas into murine 3T3 cells. 
As a result we identified several foci of morphologically distinct transformed cells in each of the tumour DNA 
transfected cultures. After a total of three rounds of transfection, the transformed cells were shown to form tumours 
in nude mice. Southern blot analysis of DNA prepared from third-round transfectants demonstrated the presence of 
human Alu repetitive sequences and, after hybridization with probes for known oncogenes, indicated the presence 
of the human H-RAS oncogene in 3T3 cells transfected with three out of four anaplastic carcinoma DNA samples. 
It appears therefore that activation of RAS genes may be an important event in the development of the anaplastic 
thyroid tumours. 
Key words. Anaplastic carcinoma; thyroid; H-RAS oncogene; transfection. 

Thyroid cancer is the fourth most common form of neo- 
plastic disease occurring in women in Saudi Arabia, 
accounting for 5.7 % of all cancers observed in females 1. 
The reason for this high incidence is unknown and does 
not appear to be related to goitre. Thyroid cancer is 
therefore of particular interest in this region and, as on- 
cogenes have gained considerable notoriety over the past 
few years for their association with neoplastic dis- 
ease 2=4, we decided to investigate which of the proto- 
oncogenes are activated in thyroid tumour tissue. In par- 
ticular, we were interested in determining whether we 
could detect the presence of a dominant transforming 
gene in any of the thyroid tumour DNA samples by 
transfecting tumour DNA into murine 3T3 cells. 
The development of the technique for DNA transfer into 
animal cells 5, 6 has led to the discovery of cellular trans- 
forming genes (in human tumour cells) because of their 
ability to induce foci of morphologically distinct trans- 
formed murine 3T3 cells v. A number of new oncogenes 
have been discovered by this method, including N-RAS s, 
MET 9 and MAS 1~ Furthermore, this method has also 
allowed the transforming potential of known oncogenes 

to be demonstrated 7. To increase the sensitivity of the 
3T3 transfection technique, cotransfection with a select- 
able marker has also been used in conjunction with tests 
of tumourigenicity of the transfected 3T3 cells in nude 
mice 11. It is a modification of this latter approach that 
we have used in attempting to detect the presence of 
dominant transforming genes in thyroid tumours. 
Materials and methods. Each tumour was snap-frozen in 
liquid nitrogen immediately after surgical removal, and 
then stored at - 70 ~ until required. The frozen tumour 
tissue was ground under liquid nitrogen and high-mo- 
lecular-weight DNA was prepared either from this mate- 
rial, or from 3T3 cell pellets, by using the proteinase K 
method 12. 
Murine 3T3 fibroblasts were routinely grown in Dulbec- 
co's modified Eagles medium, supplemented with 10% 
(v/v) newborn calf serum, in a humidified CO 2 incubator 
at 37 ~ During propagation of the cultures, the cells 
were always harvested before they became confluent. In 
each transfection experiment 2 x 105 cells were seeded 
into each 90-ram petri dish, and left overnight before 
transfection. Usually 20 dishes were used for each test. 
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20 ~tg high molecular weight DNA was coprecipitated 
with 1 ~tg pSVNeo s. After one day, the cells were washed 
and transformed cells selected in medium containing 
800 gg/ml geneticin (Sigma). The appearance of morpho- 
logically distinct foci was scored after 14 days. Foci were 
picked using cloning rings and the cells grown up for 
DNA preparation; the latter then being used in a second 
round of transfection. In total three rounds of transfec- 
tion were performed. 
The nude mice colony was kept under sterile conditions 
and bred by back-cross to the Swiss Balb-C strain. 10 6 

transfected 3T3 cells were injected subcutaneously at 
each site of inoculation. Formation of primary tumours 
was scored at 18 days after inoculation. 
20 ~tg DNA from each third-round transfectant sample 
was digested to completion with EcoRI, size fractionated 
on a 1% (w/v) agarose gel and blotted onto Hybond 
nylon filters (Arnersham). Conditions of prehybridiza- 
tion, hybridization and washing were according to the 
protocols in the Amersham handbook. The filters were 
exposed to Kodak XAR or XRP film with intensifying 
screens at - 7 0  ~ for 1 -5  days to visualize the hybridi- 
zation fragments. 
The human Alu repeat sequence probe was Blur 8 
(Amersham), which was cut out of its plasmid by Barn 
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HI, and then purified by gel electrophoresis. This probe 
was labelled with 32p-dCTP by nick translation. The 
oncogene probes (H-RAS, K-RAS, N-RAS, ERB-B, 
ERB-B2, FOS, FMS, MYC, N-MYC, MOS, SIS) were 
all human oncogene sequences inserted into pSP65 
(Amersham amprobes). Each of these was labelled with 
32p-UTP by riboprobe synthesis. Under the experimen- 
tal conditions used the H-RAS probe hybridized to nor- 
mal and activated human H-RAS but not to other RAS 
genes nor to mouse H-RAS. 
Results. To enhance the efficiency of identifying genuine 
DNA-induced foci, these experiments involved cotrans- 
fection with a selectable marker (pSVNeo | which en- 
dowed resistance to geneticin toxicity. The transforma- 
tion of routine 3T3 fibroblasts by transfection with 
human thyroid tumour DNA was therefore scored by the 
appearance of morphologically distinct foci of cells in the 
presence of geneticin. Initially, we used DNA prepared 
from anaplastic, follicular and papillary carcinomas. 
Examples of foci of transformed 3T3 cells, observed after 
the first round transfections, are shown in figure 1. Foci 
induced by follicular or papillary carcinoma DNA (fig. 1, 
c and d) were very similar, being discreet, multilayered 
and often apparently containing unidentified inclusions. 
The anaplastic carcinoma (TA-01) DNA-induced foci, 

Figure 1. Morphology of 3T3 cells cotransfected with human DNA and 
pSVNeo | (First round transfection), acells transfected with normal 
leukocyte DNA; b cells transfected with anaplastic carcinoma DNA; 

c cells transfected with follicular carcinoma DNA ; d cells transfected with 
papillary carcinoma DNA. 
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Table 1. Frequency of focus appearance in mouse 3T3 fibroblast cultures 
after transfection with human thyroid tumour DNA 
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Tumour type Transformation frequency (foci/dish) 
1st round 2nd round 3rd round 

Anaplastic 0.20+0.09 7.10__1.64 1.60_+0.45 

Follicular 0.20 • 0.11 5.53 _+ 0.88 2.63 • 0.71 

Papillary 5.55 • 3 3.95 • 0.65 2.40_+ 0.8 

Control (normal human 0.0 0.20• 0.30_+0.2 
leukocytes) 

blot was prepared from the third-round transfectant 
DNA samples and hybridized to a human specific repeti- 
tive DNA sequence probe (Blur 8). Figure 2 shows the 
result of this experiment. The Blur 8 probe clearly hybri- 
dizes to human (fig. 2, lane 1) and not to 3T3 DNA 
(Fig. 2, lane 7). There is also evidence of hybridization to 

however, were much larger and had the appearance of a 
very densely packed monolayer of cells (fig. 1 b). How- 
ever, afer the second round of transfection the morpholo- 
gies of all foci appeared to be similar and resembled the 
first round anaplastic foci. The transformation efficien- 
cies during each round of transfection are summarized in 
table 1. During the period of this study the mouse 3T3 
cultures gradually exhibited an increasing number of 
spontaneously transformed cells. The numbers of these, 
however, were still comparatively small compared to the 
test cultures in the second and third rounds of transfec- 
tion (table 1). 
To determine whether the transformed 3T3 cells that we 
had identified were also tumourigenic, we inoculated the 
cells into nude mice. After 18 days the mice were scored 
for tumour formation. These data are summarised in 
table 2. It is clear that all of the foci of transformed cells, 
that we have identified, are capable of producing tu- 
mours in nude mice. The normal human DNA control 
also demonstrates that the pSVNeo ~ plasmid in no way 
contributes to such tumour formation. Although these 
tumours are clearly well developed, we could find no 
evidence of metastatic spread to internal organs (table 2), 
even in those mice that were kept for 6 weeks prior to 
sacrifice. We also examined the histology of the primary 
tumours, but there appeared to be no discernable differ- 
ences between the tumours formed from the three types 
of third-round transfectant cells. All tumours appeared 
as an encapsulated densely packed mass of morphologi- 
cally similar cells with blood vessels within the tumour 
body (data not shown). 
Although spontaneously transformed 3T3 cells are not 
thought to form tumours in nude mice, it was important 
to demonstrate that the third-round transfectant cells 
contain human DNA sequences. Therefore, a Southern 

Figure 2. Southern blot analysis of human sequences present in third- 
round 3T3 transfectant DNA samples. Filters were probe d with a a2p. 
dCTP labelled Blur-8 probe�9 DNA samples used in this experiment were 
isolated fi'om the following cells: lane (1) human leucocytes, (2) anaplas- 
tic transfectant, (3) follicular transfectant clone A, (4) papillary transfec- 
tant, (5) follicular transfectant clone B, (6) 3T3 transfected with activated 
human H-RAS, (7) 3T3. 

Table 2. Tumour formation in nude mice after inoculation with transfected 3T3 cells 

Type of DNA transfected into 3T3 cells Number of inoculation sites Number of primary tumours Number of metastases 

Normal human + pSVNeo | 6 0 0 

Anaplastic thyroid carcinoma 6 6 0 
+ pSVNeo | (third round 
transfectant) 

Follicular thyroid carcinoma 6 6 0 
+ pSVNeo | (third round 
transfectant) 

Papillary thyroid carcinoma 6 6 0 
+ pSVNeo | (third round 
transfectant) 



Research A r t i c l e s  Experientia 45 (1989), Birkh/iuser Verlag, CH-4010 Basel/Switzerland 375 

Figure 3. Southern blot analysis of the H-RAS oncogene in third-round 
transfectant DNA samples. Filters were probed with a 32p-UTP labelled 
H-RAS riboprobe. DNA samples used in this experiment were isolated 
from the following cells: lanes (1) human leucocytes, (2) follicular trans- 
fectant, (3) anaplastic transfcctant, (4) papillary transfectant, (5) 3T3. 

Figure 4. Southern blot analysis of the H-RAS oncogene m anaplastic 
carcinoma first-found transfcctant DNA samples. Filters were probed 
with a 32p-UTP labelled H-RAS riboprobe. DNA samples used in this 
experiment were isolated from the following anaplastic DNA-trans- 
formed 3T3 cell cultures: lanes (l) TA-03 transfectant, (2) TA-04 transfec- 
tam, (3) TA-05 transfectant, (4) 3~f3 cells. 

DNA prepared from 3T3 cells that had been transfected 
with a plasmid containing the activated human H-RAS 
gene (fig. 2, lane 6), but most important, there are clearly 
human DNA sequences present in all of the third-round 
transfectant DNA samples (fig. 2, lanes 2--5). 
To determine whether any of the human DNA sequences 
that we have detected in the third-round transfectants 
represent known oncogenes, we prepared Southern blots 
of the transfectant DNA samples and hybridized them to 
a range of oncogene probes. As all of the transfectant 
DNA samples contained pSVNeo :*, it was important to 
prevent any possible contamination of our probes with 
3zP-labelled plasmid sequences, and therefore we used 
oncogene riboprobes for these hybridizations. Figure 3 
shows the results of probing the Southern blots with a 
human H-RAS riboprobe. The H-RAS probe hybridized 
to the human DNA (lane 1) but not to the mouse 3T3 
DNA (lane 5). It is clear, however, that human H-RAS 
is also present in the anaplastic carcinoma (TA-01) trans- 
fectant culture (fig. 3, lane 3). There is no evidence for the 

presence of human H-RAS in the other transfectant cul- 
tures. We have so far been unable to detect the presence 
of any other human oncogenes in the latter cultures 
(data not shown). As human H-RAS was observed to be 
present in the third-round anaplastic transfectants, we 
decided to screen other thyroid anaplastic tumours for 
the presence of an activated H-RAS oncogene. Four tu- 
rnouts were used in this study and they were classed as 
anaplastic arising from a papillary carcinoma back- 
ground (TA-02), anaplastic arising from a follicular 
carcinoma background (TA-03), anaplastic carcinoma, 
poorly differentiated (TA-04) and anaplastic arising from 
a papillary carcinoma background (TA-05). We transfect- 
ed 3T3 cells with high-molecular-weight DNA prepared 
from these tumours, as described in the Materials and 
Methods section. The cells were selected for resistance to 
geneticin toxicity but then, without any further rounds of 
transfection, injected into nude mice. Three of the four 
first-round transfectant cultures formed tumours (TA- 
03, TA-04, TA-05). DNA was then prepared from these 



376 Experientia 45 (1989), Birkh/iuser Verlag, CH-4010 Basel/Switzerland Research Articles 

tumours and analysed by Southern blotting. Figure 4 
shows the hybridization of a human H-RAS riboprobe to 
such a blot. There is no evidence of hybridization to the 
3T3 DNA (fig. 4, lane 4) or to the TA-03 transfectant 
(fig. 4, lane 1), but hybridization is clearly visible with 
TA-04 and TA-05 transfectants (fig. 4, lanes 2 and 3). 
Discussion. Very little is known of oncogene activation in 
human thyroid cancer and those observations which 
have been reported are not altogether consistent. The 
amplification of H-RAS has been observed in a thyroid 
carcinoma ~3 but comparisons of the levels of RAS p21 
protein in normal and neoplastic thyroids have produced 
conflicting results ~4'15 Enhanced expression of both 
M Y C  and FOS has been reported in a number of thyroid 
tumour samples 16'a7. However, as the expression of 
these genes is cell cycle dependent, this apparent en- 
hanced expression may not be a causative factor in 
thyroid cell transformation, but rather may reflect the 
increased level of cell proliferation in tumours compared 
to normal thyroid tissue 18. It should also be noted, how- 
ever, that genomic changes have been detected in the 
M Y C  gene in a number of thyroid tumour samples ~3. ~9. 
Also, enhanced expression of ERB B and ERB B2 has 
been reported in thyroid papillary carcinomas and 
adenomas respectively 16, and abnormal expression of 
MOS observed in a medullary carcinoma 20. Therefore, 
at present no clear conclusion can be drawn as to whether 
specific oncogene activations are necessary for the 
development of particular forms of thyroid cancer. 
One interesting recent report, which used the 3T3 trans- 
fection system to detect transforming oncogenes in papil- 
lary carcinomas, claimed to have identified a new onco- 
gene 2~. This was not a RAS  gene, but was apparently 
present in every one of the papillary DNA transfectants 
studied. We have so far not been able to identify the 
transforming gene in our papillary transfectant, nor been 
able to determine whether it is the same as that isolated 
by Fusco et a12 ~. It appears that RAS  proteins are 
present in both normal and neoplastic thyroids 22, and 
activation of the R A S  genes has been observed in both 
papillary and follicular thyroid carcinomas 23 but not so 
far in the anaplastic tumours. The present study however 
has demonstrated the activation of H-RAS in two ana- 
plastic tumours which had arisen from a background of 
papillary carcinoma (TA-01 and TA-05), and in a third 
(TA-04), whose origin is uncertain. 
The activation of H-RAS is now recognised as being 
commonly associated with human tumours 2 -4.  Al- 
though H-RAS is known to code for a GTP-binding 
membrane protein 24 its role in carcinogenesis is unclear. 
In the 3T3 fibroblast system, activated H-RAS apparent- 
ly functions as a promoter by releasing the cells from 
proliferation control. Studies of carcinogen=induced tu- 
mour formation in mice 25~ however, have suggested that 
activated H-RAS may function as an initiator rather than 
a promoter of tumour growth in epithelial cells. The 
possibility that H-RAS activation initiates tumour for- 

mation of the thyroid, and the present limited evidence 
for the H-RAS oncogene in papillary carcinomas, might 
suggest that the occurrence of H-RAS activation predis- 
poses a papillary carcinoma to become anaplastic. I f  this 
is true, then it could prove to be a useful prognostic 
indicator for the development of the highly malignant 
anaplastic carcinomas. 

Note added & proof." Since submission of this paper we have identified the 
transforming oncogene in tumour TA-03 as K-RAS.  
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