The EMBO Journal Vol.18 No.20 pp.5540-5547, 1999

Oncogenic potential of EAG K* channels
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We have investigated the possible implication of the
cell cycle-regulated Kt channel ether a go-go (EAG)
in cell proliferation and transformation. We show that
transfection of EAG into mammalian cells confers
a transformed phenotype. In addition, human EAG
MRNA is detected in several somatic cancer cell lines,
despite being preferentially expressed in brain among
normal tissues. Inhibition of EAG expression in several
of these cancer cell lines causes a significant reduction
of cell proliferation. Moreover, the expression of EAG
favours tumour progression when transfected cells
are injected into immune-depressed mice. These data
provide evidence for the oncogenic potential of EAG.
Keywords ether ago-gdK* channels/proliferation/
transformation

Introduction

Ether ago-go(EAG) K* channels were first cloned from
Drosophila melanogastefdEAG; Warmkeet al, 1991)
and functionally expressed inXenopus oocytes
(Bruiggemannet al, 1993). Mammalian EAG channels
have been cloned and expressed from rat brain (rEAG;
Ludwig et al, 1994), mouse brain (MEAG; Warmke and
Ganetzky, 1994; Robertsat al,, 1996) and bovine retina
(bEAG,; Fringset al., 1998). Together they form a family
whose mammalian members shax@85% homology in
their DNA sequence (Warmke and Ganetzky, 1994).

The first attempts to clone a human EAG led to the
discovery of HERG (human eag-related gene; Warmke
and Ganetzky, 1994). Recently, Meyer and Heinemann
(1998) electrophysiologically described a current highly
reminiscent of EAG in SH-SY5Y human neuroblastoma

(e.g. DeCourset al, 1984), although it has also been
shown in several other cell types, such as breast cancer
cells (e.g. Strobkt al, 1995), brown fat cells (Pappone
and Ortiz-Miranda, 1993), melanoma cells (Nilius and
Wohlrab, 1992), keratinocytes (Mauet al., 1997), pro-
state cancer cells (Skrynet al., 1997) and Schwann cells
(Pappas and Ritchie, 1998). The role of Khannels in
these cellular events has traditionally been explained by
either the possible influence of *Kchannels on the
intracellular C&" concentration (a known effector of cell
differentiation and proliferation; e.g. Santella, 1998), or,
alternatively, the control of cell volume via*Kchannels
(Rouzaire-Dubois and Dubois, 1998). The role of K
channels in proliferation is indirect in both mechanisms.
Several indications allow us to propose a direct involve-
ment of EAG channels in the cell cycle. We have demon-
strated recently that rEAG K channels are modulated
during the paradigmatic example of relief from cell cycle
arrest: maturation akenopusocytes (Bifggemanret al,,
1997); the modulation consists of a profound change in
the permeation properties of the channel (Paedal,
1998). These findings, together with the observations
presented in this work (transformation ability, ectopic
expression in cancer cells and a role favouring tumour
progressionn vivo for EAG channels) suggest a role of
EAG in controlling the cell cycle and/or cell proliferation.

Results

Transforming activity of EAG

The first indication of a possible role of EAG in cell
proliferation and growth came from its modulation during
cell cycle-related events (Bggemanret al,, 1997; Pardo

et al, 1998). To address the question of whether or not
this modulation is related to a role of EAG in the cell
cycle and proliferation, we compared the growth of rEAG-
expressing (Ludwiget al., 1994) CHO cells (CHOrEAG)
with cells expressing a rat voltage-dependehtdbannel,
rkvl.4 (CHOKv), and with wild-type cells. Figure 1
shows the data for one of the three independent clones of
CHOrEAG cells tested and for wild-type cells. CHOKv
cells showed essentially identical behaviour to wild-type,
and all clones of CHOrEAG cells were indistinguishable
from each other in these experiments. The growth rate
was quantified using the MTT assay (Mosmann, 1983).
Metabolic activity in CHOrEAG cells was significantly
higher (Figure 1A, circles) than in wild-type cells (tri-
angles). It is important to point out that the cells were

cells, and a human EAG has been cloned from myoblastsmaintained without changing the medium for the duration

(Occhiodoroet al., 1998).

Pharmacological evidence indicates that kKhannels
might be involved in the cell cycle and proliferation. A
well-documented case of the role offKchannels in
proliferation and differentiation stems from lymphocytes
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of the experiment. This might offer an alternative inter-
pretation of the results, namely that the medium is able
to support the growth of a larger number of CHOrEAG
cells. Consistent with this interpretation, conditions that
do not support the growth of wild-type cells (0.5% fetal
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agar. Cells transfected with rEAG in pTracer or pcDNA3
gave rise to 9.9+ 2.4 or 8.5+ 3.2 coloniegig DNA,
while transfection with Kv1.4 in the same vectors gave
0 or 1.4 = 0.7 coloniegig DNA, respectively. Control
transfections with GFP in pcDNA3 or transfection buffer
gave <1 colony per microscope field. All of the above
results indicate a transforming potential of EAG.

A 6 A further indication of transformation is loss of contact
5 EAG, 10% FCS inhibition (Jainchill et al, 1969). Figure 1D shows that
§ " NIH 3T3 cells transiently transfected with the rEAG
g 8 wt, 10% FCS channel continued growing into foci, while wild-type and
z 4 EAG, 0.5% FCS rkvl.4-transfected control cells ceased growing once a
3 o wt, 0.5% FCS homogeneous monolayer covered the plate. NIH 3T3 cells
0 20 40 60 80 100 . . .
Time are also substratum-dependent and fail to proliferate in a
ime in culture (hours) . . . ..
semi-solid medium containing 0.3% agar (Hermaete!,,
B c 1991). However, rEAG- (but not rkv1.4-) transfected cells
formed colonies under such conditions, regardless of the
’ vector used for transfection. The number of colonies
z 5 >0.1 mm in diameter per microgram of DNA used
g ow 2 for transfection was determined using automated image
© @mKvlid4 £ . . . ..
2 mEAG 3 processing after 14 days in a medium containing 0.3%

Cloning of human EAG (hEAG)

Proliferation of human breast carcinoma MCF-7 cells has
been shown to be sensitive to treatment with several
potassium channel blockers (Woodfakal., 1995). Since
the drugs used to inhibit the proliferation of MCF-7 cells
also inhibit EAG currents (see for example 'Bgemann
etal, 1993), we searched for the presence of EAG currents
in MCF-7 cells. Using the patch—clamp technique, we
found a voltage-dependent current compatible, in terms

wild type of conductance and voltage-dependence, with EAG. These
_ currents were blocked by astemizole, a known blocker of
Fig. 1. Transformed phenotype of rEAG-transfected CHO cells. HERG channels (Suessbrielt] al, 1996) that also blocks

A) Growth curves of CHO cells transfected with rEAG (circles) as - :
((:oznpared with naive cells (triangles) in 10% (filled symé)ols) or) 0.5% rEAG (A'BrUQQem.ann and L.A.Pardo, unpublished). By
(open symbols) fetal calf serum (FCS). The values represent the mean Means of PCR with degenerate ODNs, we were able to
+ SEM of eight determinationsB} Increase in metabolic activity isolate the complete open reading frame for hEAG from
during thefftirst 12h aflterf rSemﬁval %fl S-E?ase tilgﬁi)_ DNt/)\ o in 1050 a human brain library (but not from a human mammary
INnCcrease aiter removal of S-phase DIoCK Tor a Incupation n 0 i H-S H i i
FCS or a 24 h incubation in'pO.5% FCS. The bars represent the %32;1 tlolbtﬁéyz).ngﬂggﬁﬂgzng; gclgre]ir(])t(lj%arloa;::jec%r-nv:/r(;?kaeﬁf
mean= SD. (D) Foci formation of rEAG-transfected NIH 3T3 cells N h N '
compared with cells transfected with rkv1.4 and with wild-type cells. Whlcl:h they)lsolated from human myoblasts (Occhiodoro
et al, 1998).
calf serum instead of 10%; see Figure 1A, open symbols) Two alternatively spliced variants have been described
do allow the growth of CHOrEAG cells for at least two for the mouse and bovine channel (Warmke and Ganetzky,
population doublings. 1994; Fringset al, 1998). We isolated a phage containing
Such an increase in metabolic activity measured by a partial sequence identical to hEAG, but with an 81 bp
MTT hydrolysis could also be due to factors other than insertion at position 951 that corresponds to the long
proliferation. To test the effects of EAG on cell prolifera- splice variant, hEAGb. hEAGb contains an additional
tion more directly, DNA synthesis was measured by 27 amino acids between transmembrane segments S3 and
incorporation of 5-bromo-deoxyuridine (BrdU) in cells S4 with total amino acid identity between mouse, bovine
synchronized in the S phase of the cell cycle by means and human EAG. Also, RT-PCR on human brain RNA
of thymidine arrest (Steirt al, 1995). Consistent with  with ODNs specifically designed to amplify both splice
our previous findings, when the S phase of the cell cycle variants revealed the existence of two bands with the
was allowed to proceed by reduction of the thymidine expected sizes of hEAGa and hEAGbD.
concentration, CHOrEAG cells showed higher metabolic
activity (Figure 1B) and increased BrdU incorporation Chromosomal localization of hEAG
(Figure 1C). These results suggest that more EAG-trans-The chromosomal localization of theEAG gene was
fected cells entered the S phase during the thymidine determined by fluorescende situ hybridization (FISH)
treatment and/or DNA synthesis was elevated, in any casewith a biotinylated probe comprising 1.5 kbp of thé 3
indicating a faster proliferation rate in CHOreEAG cells. end of thehEAG open reading frame and 2.5 kbp of 3
In the presence of a low concentration of serum, BrdU untranslated region. Two regions of one chromosome were
incorporation was also significantly higher in CHOrEAG positive. Under the conditions used, the hybridization
than in wild-type cells (Figure 1C). efficiency was ~87% for this probe (among 100 checked
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Fig. 2. Example of FISH mapping of hEAGA( FISH signals on
chromosome (arrowheadB) The same mitotic figure stained with

DAPI to identify chromosome 1. B q’h \.er@c, 4
A DA A G
. : PN L L 2.2
mitotic figures, 87 of them showed signals on one pair of Q’} 00 é: \‘\CJ Q{J %) \23’ ,_-5?*
chromosomes). The assignment between the signal from RT 4= 4= 4= 4= 4= 4+  4- +-
that probe and the long arm of chromosome 1 was obtained —— — ———— —

using 4-6-diamidine-2-phenylindole (DAPI) banding. The bp

detailed position was further delimited based on the 600 —

summary from 10 photographs, whereby tieAG gene 400 — ' . ' '
is located at position 32.1-32.3 of the long arm of human '

chromosome 1 (Figure 2).

— i
Expression pattern of hEAG TFR NS

The expression of hEAG mRNA in various tissues Was Fig. 3. southern blots of RT-PCR products of the indicated RNAs
assayed using Northern blot analysis as well as dot-blot hybridized with a hREAG probe A) The two bands corresponding to
and single-tube RT-PCR. In the first case, a strong hEAGa and hEAGb could be amplified and identified under our
hybridization signal of ~9.2 kb was detected in brain and €xperimental conditions only in brainBY Among the different human
. . L . - cell lines and mammary epithelial cells in primary culture analysed,

a falnt.3|gnal of similar size 'n_ placenta, whereas heart, only the latter are clearly negative. Transferrin receptor (TFR) signals
lung, liver, skeletal muscle, kidney and pancreas were are shown at the bottom of each gel.
negative even after long exposures (not shown).

Dot-blot analysis of mRNAs from a number of adult
(spinal cord, heart, aorta, skeletal muscle, colon, bladder,fragment was obtained from MCF-7 cells, a tumour cell
uterus, prostate, stomach, testis, ovary, pancreas, pituitaryline of breast origin. In addition, we were unable to detect
gland, thyroid gland, salivary gland, mammary gland, hEAG in normal human breast RNA, indicating that hEAG
kidney, liver, small intestine, spleen, thymus, peripheral is present in the cell line but not in normal mammary
leukocyte, lymph node, bone marrow, appendix, lung, gland. This observation raises the question of whether or
trachea and placenta) and fetal tissues (brain, heart, kidneynot other tumour cell lines express hEAG. To investigate
liver, spleen, thymus and lung) also failed to detect this, we prepared RNA from several other cell lines and
expression of hEAG, except in adult brain. Of the brain tested for hEAG expression by RT-PCR (Figure 3B): HelLa
areas investigated, only substantia nigra, thalamus and(carcinoma of the cervix), SH-SY5Y (neuroblastoma), and
medulla oblongata were negative, whereas amygdala,in particular lines from mammary gland tumours: COLO-
caudate nucleus, cerebral cortex, cerebellum, putamen824 (carcinoma), EFM-19 (carcinoma), BT-474 (ductal
hippocampus, frontal lobe, occipital lobe, temporal lobe carcinoma), together with MCF-7 cells and normal brain
and subthalamic nucleus showed positive signals (notas positive controls. Total RNA from cultured mammary
shown). gland epithelial cells was included to circumvent the

In addition, total RNA from human brain, heart, trachea, mixed cell populations in whole mammary gland. In HelLa,
adrenal gland, liver, kidney, skeletal muscle and mammary SH-SY5Y, EFM-19 and MCF-7 RNA, a hEAG band could
gland, and spinal cord poly(A) RNA, as well as total be amplified, whereas the signal obtained in RNA from
RNA from the adenovirus-transformed line 293 (as a COLO-824 and BT-474 was too weak to allow these lines
human non-tumoral cell line) were analysed by RT-PCR to be considered as positive. Cultured epithelial cells, as
to amplify fragments of both hEAG splice variants. PCR well as the 293 cells (Figure 3A), were negative.
products were analysed by Southern blot using a 980 bp
hEAG probe. The integrity of RNA was assessed by Inhibition of tumour cell proliferation by hEAG-
parallel amplification of a transferrin receptor (TFR) specific antisense ODNs
fragment. Among all RNAs tested, hEAG a and hEAG b Is the expression of hEAG in some tumour cells just the
fragments were amplified only in brain (Figure 3A). consequence of their abnormal growth, or is thi§ K

As discussed above, the expression of hEAG is confined channel necessary for their proliferation? In the latter
to brain and possibly placenta, but the original cDNA case, inhibition of hEAG expression with antisense
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Fig. 6. Inhibition of DNA synthesis in human cancer cells (EFM-19,
HelLa, MCF-7 and SH-SY5Y) by antisense ODNs directed against
hEAG. DNA synthesis is expressed relative to BrdU incorporation in
the absence of ODNs. The bars indicate the mea®D for eight

wells per condition in a representative experiment.

-60 mV

o
S 3

¢ -120 mV

N A O
o o o

arises 20 ms after the start of the stimulus. The effect of
antisense ODN on the magnitude of this difference relative
to the total cell surface (expressed as capacity) is depicted
in Figure 5B. A strong reduction in hEAG current was
already observed 24 h after antisense treatment, indicating
that the antisense ODN treatment not only reduces the
RNA content but also the functional protein present in
the membrane of these cells.

Figure 6 shows results obtained on the proliferation of
oligonucleotides (ODNs) should decrease the proliferation EFM-19, HeLa, MCF-7 and SH-SY5Y cells. There was
rate of these tumour cells. a significant reduction of DNA synthesis in cultures treated

We tested the efficiency of the antisense ODN treatment with antisense ODNs onlyp( <0.0001 in Student's-

hEAG current density
PA/PF

200pA|___ Subtracted

50 ms 0

Control Antisense

Fig. 5. (A) Current traces measured from an SH-SY5Y cell after
depolarization to+60 mV from either =120 or —-60 mV. The first part
of the subtracted trace corresponds to the isolated EAG current.
(B) Current density in SH-SY5Y cells treated with antisense ODNs
was significantly reduced as compared with control cells. Mean
SEM for 9 (control) or 25 (antisense) cells.

in reducing the hEAG mRNA content in EFM19 cells
(Figure 4). The cells were incubated overnight witph

test). Equivalent results were obtained when the metabolic
activity of viable cells was measured by the MTT assay

antisense ODN and total RNA was prepared and tested(data not shown). To discard non-specific ODN effects, we

for the presence of hEAG by single-tube RT-PCR. A
significant reduction in the amount of PCR product was
detected as compared with the control (sense) ODN.
Similar results were obtained with MCF-7 and SH-SY5Y
cell lines.

To test the ability of the antisense ODN also to reduce
hEAG activity functionally, we studied hEAG-mediated
K™ currents in SH-SY5Y cells treated with antisense ODN
(Figure 5). To isolate hEAG currents, we took advantage
of the peculiar voltage-dependence of activation shown
by all known mammalian EAGs, including hEAG (Terlau
et al, 1996; Bijlengaet al., 1998). The time constant of
activation is strongly influenced by the voltage prior to
the stimulus (holding voltage, M4)- This means that the
current activates very slowly whenyy is very negative

performed controls (Wagner, 1994) using either scrambled,
sense ODN or the antisense ODN in the presence of an
excess of sense ODN. Growth of cultures treated with
sense, scrambled or double-stranded ODNs was compatr-
able to that of untreated control culturgs ¥0.1). These
results suggest that hEAG expression might play a role
in the proliferation of these cancer cell lines.

Tumour progression in SCID mice

To determine whether the expression of hEAG is advanta-
geous for tumour cells vivo, we performed subcutaneous
implants of CHO cells expressing the channel
(CHOhEAG) into the flank of female, severe combined
immune-deficient (SCID) mice (Bosmat al, 1983).
CHOKUVv cells (see above) were used as a control. One

(e.g. =120 mV) and much faster at less hyperpolarized week after the implantation, all CHOhEAG-injected mice
Vhod (€.9. =60 mV). We stimulated the cells for 200 ms carried tumours detectable by palpation, while no mass
to +60 mV, starting from V4 of either =120 or —60 mV, >1 mmwas observed in the controls; this latter observation
and then subtracted both traces (Figure 5A). In any correlates well with previous reports where similar num-
‘typical’ non-inactivating K' channel, this subtraction bers of CHO cells were implanted (e.g. Ferraiaal,
would result in no current. In hEAG, however, during the 1993; Richteret al, 1993). During the second week
first tens of milliseconds both pulses diverge strongly: a post-implantation, the hEAG-expressing tumours reached
current is seen at —60 mV that is not yet activated at diameters in excess of 5 mm and visibly emerged through
—120 mV. After this initial time, the current amplitudes the skin in most cases (Figure 7A); the mice were killed
approach each other progressively and finally merge. after 2 f = 6) or 3 (W = 7) weeks. All CHOhEAG-
Under our experimental conditions, the maximal difference injected animals showed tumours.
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Fig. 7. hEAG expression favours tumour progressioh) Subcutaneous implantation of CHOhEAG cells induced aggressive tumours that grew
rapidly and soon broke the skin of the carrier mice (third week post-implantatBrgnd C) The average mass of CHOhEAG tumours was
significantly greater than that of the CHOKv tumours both 2 weeks (B; me&EM; p = 0.002) and 3 weeks (C; mean SEM; p = 0.03) post-
implantation. D) CHOhEAG and E) CHOKv tumours photographed situ. (F) CHOhEAG and G) CHOKv tumours cut open to show the great
extent of necrosis (arrowheads) in the formét.gndl) A greater degree of necrosis and fixation to the skin in CHOhEAG tumours (H) are also
evident microscopically after paraffin embedding and haematoxylin—eosin staining. The histology is comparable in both micrographs, but in (H) a
much larger necrotic area is observed (arrowheads). Scale bars in (H) and (Jml@@) The average width of the vital area in CHOKv tumours

was significantly larger than that of CHOhEAG tumours (meaSEM; p <0.0005).

The average mass (Figure 7B and C) of the hEAG- necrosis (Figure 7F and G, arrowheads), confirmed by
expressing tumours was significantly greater than that of histology (Figure 7H and I, arrowheads). Accordingly, the
controls, especially 2 weeks following implantation thickness of the vital area in the EAG-expressing tumours
(Figure 7B). From macroscopic observation, the tumours was significantly smaller than in the controls (Figure 7J).
appeared friable and haemorrhagic; the CHOhEAG Intratumoral necrosis is a frequent finding in tumours
tumours were darker than the controls and were adheredwith rapid growth; if the tumour grows faster than the
to the skin (Figure 7D and E) in all CHOhEAG-injected vascular network, the blood supply will not be sufficient
mice at 2 weeks. In contrast, the tumour could be easily to sustain its growth. The rapid growth of the tumour
dissected from the skin in all of the control mice after can thus account for the massive intratumoral necrosis
2 weeks and in five out of six mice at 3 weeks. The tissue observed in the CHOhEAG group. We attribute the relative
below the tumour appeared unaffected in all cases. Thestagnation of growth of the CHOhEAG tumours after
dark colour was due to a great extent of intratumour 3 weeks of implantation to this massive necrosis. These
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data strongly suggest that expression of hEAG representsspeculate that the modulation of EAG current during the

an advantage for the proliferation of tumour cetisvivo,
since CHOhEAG tumours grow faster and are more
aggressive than CHOKv tumours.

Discussion

cell cycle (Briggemannret al, 1997; Pardcet al, 1998)
plays a crucial role in the transforming properties of
the channel.

In summary, our results not only demonstrate the
transforming activity of EAG and its ectopic expression
in several tumour cell lines, but also strongly suggest an

Overexpression of rEAG potassium channels in CHO or involvement of hEAG in the proliferation of those cells.

NIH 3T3 cells induces significant features characteristic

of malignant transformation, such as faster growth, loss will certainly provide

The study of a larger number of cell lines and tumours
information on the possible

of growth factor- and substrate-dependence, and loss ofdiagnostic and/or prognostic value of hEAG expression.

contact inhibition. Moreover, hEAG is expressed ectopic-
ally in human cancer cell lines and expression of hEAG

represents an advantage for the progression of tumours in

SCID mice in vivo. These findings, together with the
strong modulation of EAG channels during the cell cycle,
strongly suggest a direct involvement of EAG channels
in cell proliferation and prompt the possibility of particip-

ation of the protein in the pathogenesis of some tumours.

This hypothesis is additionally supported by results
reported recently from myoblasts (Bijlenga al., 1998;

Occhiodoroet al,, 1998), since hEAG is expressed over
a short time frame immediately preceding myoblast fusion,
a proliferation-related phenomenon. A possibility that

Materials and methods

Cell lines

All human cell lines—293 (DSMZ ACC 305), adenovirus-transformed
primary embryonic kidney; BT-474 (DSMZ ACC64), breast invasive
ductal carcinoma; CHO-K1 (DSMZ ACC 110); COLO-824 (DSMz

ACC 200), breast carcinoma; EFM-19 (DSMZ ACC 231), breast
carcinoma, ductal type; HeLa (DSMZ ACC 57), carcinoma of the cervix;
MCF-7 (DSMZ ACC 115), breast adenocarcinoma; NIH-3T3 (DSMZ
ACC 59); and SH-SY5Y (DSMZ ACC 209), neuroblastoma—were
obtained from Deutsche Sammlung von Mikroorganismen und Zellkul-
turen (DSMZ) and maintained following the DSMZ catalogue guidelines.
Normal human mammary epithelial cells were purchased from
BioWhittaker.

arises from the data presented is that given a role of EAG
channels in proliferation, the abnormal expression and/ Transfection and proliferation studies
or regulation of the channel may induce pathological Tfaf;fizngtran_sgegﬁon was ﬁaff(ig?] out fogogi;g the Caggg; Pgoflplhate
; ; ; ; method described previously en an ayama, . Cell lines
pro“feratlon.’ either deger.]eratlon or tumour grovvth. were established by selection through the G-418 resistance encoded in
The restricted expression of the hEAG transcript, not the pcDNA3 vector. For proliferation assays, cells were plated at a
surprising in itself for a K channel, was intriguing for  density of 16 cells/ml and MTT (Mosmann, 1983; 0.5 mg/ml) was
us since we had isolated our first cDNA from an epithe|ia| added to the cultures at the time points indicated. Four hours later, the
tumour cell line (MCF-?) not from brain tissue. When product was solubilized and the reaction stopped using 10% SDS in
other cancer cell lines We,re tested. we found high _0.01 M HCI. After overnight incubation, the colour produced was read
. . ' gn expres- 4t 562 nm (reference 650 nm).
sion levels of hEAG in EFM-19, SH-SY5Y and Hela To test the formation of foci, cells transfected with pcDNA3 (control)
cells, tumour cell lines of diverse origin. Since two or with the same vector carrying either the rEAG or the Kv1.4 sequences

breast cancer cell lines were clearly positive for hEAG Wwere maintained in rich medium until the control cells reached confluence.

; ; ; T he plates were then fixed with methanol and stained with Giemsa blue.
expression, we analysed the expression in normal breasQ:olony formation experiments were carried out by plating the transfected

and also in cultured primary mammary gland epithelial cejis in regular medium containing 0.3% agar onto a layer containing
cells to avoid the contribution of a mixed cell population. 0.55% agar. Colonies-0.1 mm in diameter were scored 14 days after
The absence of any specific signal supports the idea of atransfection (Hermouedt al, 1991).

tumour-specific expression of hEAG. In these cell lines,

inhibition of hEAG expression by antisense ODNs leads Degenerated ODN primer pairs were designed to amplify a DNA

to a reduction (_)f DNA Syr!theSiS- o _ fragment of hREAG by PCR using cDNA from MCF-7 cells as a template.
Our results with SCID mice also indicate that expression For the design of the ODNs, special thought was given to avoiding the

of hEAG offers an advantage for the growth of tumour amplification of HERG, which is also expressed in these cells. Using

cells, since CHOhEAG tumours show faster growth and these ODNs, we amplified the expected 400 bp fragment of hEAG with
are r’nore aggressive than CHOKvV tumours a sequence-80% identical at the DNA level andt90% identical at the

3 amino acid level to rEAG. We then used this fragment as a probe to
HERG K" channels have also been reported to Show screen a human cDNA library. We did not use an MCF-7 cell library,
differential expression patterns in tumour cell lines. Over- since cancer cells might carry mutations. However, we did not obtain
expression of HERG has been suggested to represent &ny positive signals from a normal human breast cDNA library. Further-
selective advantage for these tumour cells (Biarm:hail., more, PCR using specific primers designed from the 400 bp fragment

. . isolated from MCF-7 cells failed to amplify any fragments using the
1998), although HERG is expressed in many normal breast cDNA library as a template. However, under identical conditions

tissues. It is noteworthy that this other member of the the same ODNs amplified two bands from a human brain cDNA library.
same family is also related to proliferation and/or differen- We then screened this library and succeeded in isolating the full-length

tiation to some extent, but there has been no report Pen reading frame for hEAG. Although we did not find a stop codon
showing transforming aE:tivity for HERG in-frame upstream of the putative initiating methionine, position 1 was

- - assigned based on sequence homology to the other mammalian EAGs.
Overexpression of a K channel is expected to alter The procedure of FISH for chromosomal localization was performed

the resting potential of cells. This is indeed the case for according to Hengt al. (1992) and Heng and Tsui (1993).
overexpression of EAG in CHO cells. We do not think )
that this alteration alone is responsible for the effects RT-PCR. Northern blot and dot-blot analysis

- Total RNA was isolated from all cell lines listed following the protocol
observed, since CHOKv cells do not show altered growth described previously (Chomczynski and Sacchi, 1987). Single-tube RT—

properties, although thei_r resting potentigl is alsp MOr€ pCR on RNAs from the different cell lines and on commercial RNAs
negative than that of wild-type cells. It is tempting to from the following human tissues (all from Clontech): total RNA from

Cloning of hEAG
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brain, liver, heart, skeletal muscle, adrenal gland, lung, trachea and the pSGEM vector construct, Dr O.Pongs for the pcDNA3-rEAG and
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