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Characterization of Endogenous E2F Transcriptional Activities
in Hepatocellular, Gastric and Colorectal Cancer Cell Lines
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In many human cancers, genetic alterations in E2F-pRB pathway have been frequently
observed. The E2F transcription factors are known to play pivotal roles in the control of the
G1/S transition of cell cycle, and their activities are highly elevated in the cells infected with
a DNA tumor virus. We investigated the endogenous E2F transcriptional activities of human
hepatocellular, gastric and colorectal cancer cells using a synthetic E2F-responsive reporter
vector. As the result we could classify the cells into three categories according to the
endogenous E2F transcriptional activity, i.c., low level or negative activity, moderate level,
and high level. Cell lines such as HepG2, Hep3B, PLC/PRF/S, SNU-182, SNU-354, Colo205
and HCT116 had low to negative level of endogenous E2F transcriptional activity. On the
other hand, SNU-368, SNU-387, SNU-449, SNU-484, SNU-638, SW480, SW620, DLD1 and
HCT15 cells showed a moderate level, while strong E2F transcriptional activities were
observed in SNU-475 and SNU-216 cells. The negative E2F activity observed in several cancer
cells might be due to the active repression of universal transcription factors by the pRB-E2F
complex. Thus, although several cancer cells maintained the functional status of E2Fs as the
active repressors of universal transcription factors, most of the cancer cells had the repression
lifted and showed a significant level of E2F-mediated transcriptional activity. These results
suggest that the relief of E2F from pRB-mediated check and its subsequent activation is a
general phenomenon accompanying the human carcinogenesis.
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a highly controlled process that is affected by both

INTRODUCTION positive and negative growth regulatory signals during

the G1 stage.z) These signals mainly operate by control-

Accurate control of the cellular proliferation process is ling the transcriptional activity of the crucial cellular
necessary for normal development and for prevention of  factor, E2F.*” To date, six different E2Fs have been
proliferative discases such as cancer.” The cell cycle is identified, E2F-1 to -6, each of which can hetero-
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dimerize with DP-1 or -2.>” These transcription factors
play pivotal roles in cell cycle progression and entry into
the S stage by regulating the activity of the promoters

containing their binding sites."””

The cellular genes
controlled by E2Fs encode nucleotide biosynthesis en-
zymes such as thymidine kinase (tk), DNA polymerase
@ and proliferating cell nuclear antigen (PCNA), and
cell cycle regulators including cdc2, cdk2, cdk4, cyclin
A, D and E, retinoblastoma tumor suppressor protein
(pRB) and E2F itself. "

It is well known that the E2Fs are bound and regulated
by pRB.g) This protein is a transcriptional repressor and
a member of multigene family, containing two additional
related proteins, pl07 and p130.10~12) It also plays an
important role as a regulator of cell cycle, apoptosis and
differentiation by interacting with at least 110 cellular
proteins.”’13) Functional inactivation of pRB family pro-
teins, their structural dysfunctions, and abnormal expres-
sion of RB gene are associated with development of a
variety of human cancers.”* ™'Y Several viral oncoproteins
can also trigger cancer development by disrupting
E2F-pRB interaction.” "

In this study, we investigated the endogenous E2F
transcriptional activities of human hepatocellular, gastric
and colorectal cancer cells using a synthetic E2F-res-
ponsive reporter vector. As the result we could classify
the cells to the

endogenous E2F transcriptional activity, i.e., low level or

into three categories according

negative activity, moderate level, and high level.

MATERIALS AND METHODS
1) Cell culture

Human hepatocellular cancer (HCC) cell lines, such as
HepG2, Hep3B and PLC/PRF/5 were cultured in
Dulbecco’s Modified Eagle’s Medium (DMEM) sup-
plemented with penicillin (100 IU/ml), streptomycin (100
pg/ml), 2.0 mM L-glutamine (Gibco BRL) and 10%
fetal bovine serum (FBS, HyClone) at 37°C in an
incubator flushed continuously with 5% CO,. Among the
SNU series cell lines, which were established from the

primary tumors of Korean patients cells,”™ six SNU

HCC cell lines (SNU-182, -354, -368, -387, -449 and
-475) and three gastric cancer (GC) cells (SNU-216, -484
and -638) were used in this experiment. These cell lines
and six colorectal cancer (CRC) cells (SW480, SW620,
DLD!, HCT15, HCT116 and Colo205) were cultured in
RPMI1640 supplemented with penicillin (100 IUjml),
streptomycin (100 zg/ml) and 10% FBS at 37°C in an
incubator flushed continuously with 5% CO..

2) Vector construction

For quantitative estimation of the endogenous E2F
transcriptional activities in HCC, GC and CRC cells, B-
galactosidase reporter ( 3-Gal, LacZ) vectors were used.
p(E2F)¢/Min-LacZ was constructed by inserting 6 copies
of consensus E2F binding sites upstream of the minimal
promoter of HSV-tk gene in pMin-LacZ vector. pSpl/
Min-LacZ and p(E2F)¢/Spl/Min-LacZ were the same as
pMin-LacZ and p(E2F)¢/Min-LacZ except that they
contained an additional binding site for Spl and CTF
between the E2F binding sites and the minimal promoter
sequence. H BA-LacZ, which expresses [-Gal gene
under the control of human A-actin promoter, was used

as the positive control.
3) Transient transfection

To explore the promoter activities of reporter vectors,
1.5~2.5% 10’ cells/well were transiently transfected in a
6-well plate with 1 g of each LacZ vector and 0.2 zeg
of internal control plasmid (pGL2, Promega) using Lipo-
fectAMINE Plus Reagent (Invitrogen) according to
supplier’s protocol. After transfection, the cells were
incubated in a 5% CO, incubator for 3 hr, added with
FBS to bring the final serum concentration to 10% and
incubated further for 48 hr before harvesting for
luciferase and [3-Gal assays.

4) Cell extraction and luciferase assay

Harvested cells were washed in PBS and resuspended
in 50 g1 of ice-cold 250 mM Tris (pH 7.8)/1 mM DTT.
Cells were lysed by three freeze-thaw cycles using liquid
nitrogen and a 37°C water bath. The cell lysate was
centrifuged at 12,000 rpm for 15 min at 4°C to pellet



190 vigkelelulels)A) @ A8 A3 X 2003

debris. The luciferase activity was measured using a 10 1
aliquot of cell lysate mixed with 350 z1 of solution A (25
mM glycyglycine (pH 7.8), 2 mM ATP and 10 mM
MgS80,). The luciferase light units were recorded for 30
sec in the integration mode in a luminometer (Berthold
Lumat LB9501, Wildbad), which automatically injected
100 /1 of solution B (60 xg of D-luciferin/ml of 5 mM
glycyglycine (pH 7.8)).

5) B-Galactosidase Assay

The S-Gal activity in the cell lysate was determined
as followings. Forty microliter of the lysate was mixed
with 800 y1 of chilled solution I (60 mM Na,HPO,, 40
mM NaHPO,, 10 mM KCl, 1 mM MgCl, and 50 mM
B-mercaptoethanol). At 30 sec intervals, 2001 of
solution II (60 mM Na;HPO,, 40 mM NaH,PO, and 2

mg/ml (ONPG,
Aldrich) was added to this mixture and, after brief
vortexing, the samples were incubated at 37°C. When the

2-nitrophenyl- 5-D-galactopyranoside

reaction mixture developed appropriate level of yellow
color, 500 1 of 1 M Na)CO:; was added at 30 sec
intervals to stop the reaction, and the absorbance of the
resulting mixture was measured at 420 nm.

RESULTS

1) Examination of the endogenous E2F transc-
riptional activity in hepatocellular carci-
noma cells

To determine the endogenous E2F transcriptional
activity in HCC cells, each A-Gal reporter vector was
co-transfected with pGL2 internal control vector into
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Fig. 1. The endogenous E2F transcriptional activity of hepatocellular carcinoma cells. To measure the E2F-mediated transcription
activity, 1 g of p(E2F)¢/Min-LacZ, pMin-LacZ, p(E2F)¢/Sp1/Min-LacZ or pSpl/Min-LacZ vector was introduced info HepG2
(A), SNU-368 (B) and SNU-475 cells (C). 0.2 ug of pGL2 vector was co-transfected into each cell as the internal control.
B-Gal activities in the cell lysate was measured by reading OD at 420 nm and finally normalized for the transfection efficiency.

H BA-LacZ vector was used as the positive control.
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these cells. The reporter activities expressed in each cell
were estimated by 3-Gal and luciferase assays using the
lysate of transfected cells, and then the A3-Gal values
were normalized for transfection efficiency by compen-
sating for the luciferase activity. Finally, the endogenous
E2F transcriptional activity of each cell was determined
by calculating the reporter activity ratios between the
E2F-responsive vector and the corresponding parental
vector, ie., p(E2F)¢/Min-LacZ to pMin-LacZ and p(E2F)¢/
Spi1/Min-LacZ to pSpl/Min-LacZ. The E2F-responsive
reporter vectors p(E2F)¢/Min-LacZ and p(E2F)/Sp1/Min-
LacZ were derived from pMin-LacZ and pSp1/Min-LacZ,
respectively, by inserting 6-mer E2F binding sites.
p(E2F)¢/Sp1/Min-LacZ
universal transcription factors such as Spl and CTF, and

contains binding sites for
thus can measure the synergism or antagonism between
them and E2Fs.

In HepG2 cells, the activity ratio of p(E2F)s/Min-LacZ
to pMin-LacZ and p(E2F)¢/Spl/Min-LacZ to pSpl/Min
-LacZ was 0.23 and 0.37, respectively, indicating that in
these cells the endogenous E2F transcriptional activity
was nullified by pRB (Fig. 1A). Especially, the negativity
of p(E2F)¢/Spl/Min-LacZ to pSpl/Min-LacZ in HepG2
cells suggests that E2Fs, by complex formation with
PRB, even worked as active repressors for the transc-
ription mediated by universal transcription factors such as
Spl. Similarly, PLC/PRF/5 (0.43, 0.19) and Hep3B (1.74,
0.48) cells showed negative levels of E2F transcriptional
activity (data not shown). In contrast, SNU-182 (0.90,
1.31) and SNU-354 cells (1.22, 1.09) barely exhibited
any endogenous E2F transcriptional activity (data not
shown). Since the ratio of p(E2F)¢/Spl/Min-LacZ to
pSpl/Min-LacZ in these cells is close to unity, the
E2F-mediated active repression on universal transcription
factors also appears to haven been relieved. The reporter
activity ratio in SNU-368 cells was 2.00, 2.15, res-
pectively, indicating that they have moderate level of E2F
activity (Fig. 1B). A similar profile of endogenous E2F
activity was observed in SNU-449 (1.64, 1.57) cells (data
not shown). The activity ratio of reporter vectors was
particularly high in SNU-475 cells (11.22, 5.57), where
the absolute level of E2F activity approached that of j3-

Table 1. Classification of hepatocellular, gastric and colore-
ctal cancer cell lines based on the level of endogenous E2F
transcriptional activity.

E2F transcriptional activity Cell lines Origin
High level SNU-475 Liver
SNU-216 Stomach
Intermediate level SNU-368 Liver
SNU-387 Liver
SNU-449 Liver
SNU-484 Stomach
SNU-638 Stomach
SW480 Colon
SW620 Colon
DLD 1 Colon
HCT15 Colon
Low level or negative activity HepG2 Liver
Hep3B Liver
PLC/PRF/5 Liver
SNU-182 Liver
SNU-354 Liver
HCT 116 Colon
Colo 205 Colon

actin (Fig. 1C). After all, SNU-475 cells showed the
highest endogenous E2F activity among the 9 HCC cells
tested (Table 1). In conclusion, we could observe three
categories of cells where the endogenous E2F function

is repressed, unactivated or activated, respectively.

2) Examination of endogenous E2F transcrip-

tional activity in gastric cancer cells

We also estimated the endogenous E2F transcriptional
activities in GC cells derived from Korean patients, i.e.,
SNU-216, -484 and -638. In SNU-484 cells, the activity
ratio of p(E2F)¢/Min-LacZ to pMin-LacZ, and p(E2F)¢/
Spl/Min-LacZ to pSpl/Min-LacZ was 2.63 and 1091,
respectively, indicating that they had moderate E2F
transcriptional activities (Fig. 2A). A similar result was
observed in SNU-638 (1.83, 2.95)(data not shown).
Interestingly, the SNU-216 cells showed an extraor-
dinarily high endogenous E2F activity (45.77 and 28.55,
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Fig. 2. The endogenous E2F transcriptional activity of gastric cancer cells. To measure the E2F-mediated transctiption activity,
SNU-484 (A) and SNU-216 cells (B) were transfected with E2F-responsive reporter vectors or control plasmids as outlined

in Fig. 1 legend.
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Fig. 3. The endogenous E2F transcriptional activity of colorectal cancer cells. To measure the E2F-mediated transcription activity,
Colo205 (A) and SW480 cells (B) were transfected with E2F-responsive reporter vectors or control plasmids as outlined in

Fig. 1 legend.

Fig. 2B). Thus, in these cells the activity of p(E2F)¢/
Spl/Min-LacZ was even higher than that of H SA-LacZ.
None of the GC cells tested in this experiment showed
a negative E2F activity.

3) Examination of endogenous E2F transcrip-

tional activity in colorectal cancer cells

Finally, we estimated the endogenous E2F transcrip-
tional activities in various CRC cells. In Col0205 cells,
the activity ratio of p(E2F)s/Min-LacZ to pMin-LacZ and
p(E2F)¢/Spl/Min-LacZ to pSpl/Min- LacZ was 0.50 and
0.19, respectively (Fig. 3A). This result suggests that like
in HepG2 cells the E2F transcription activity was
nullified by pRB in these cells and that the E2Fs acted

as active repressors on universal transcription factors.
Similarly, HCT116 cells had a negative level of E2F
activity (0.47, 0.29) (data not shown). In contrast, in
SW480 cells the reporter activity ratio was 1.90 and 6.02,
respectively, indicating that they have moderate E2F
transcription activity (Fig. 3B). We also observed similar
reporter activity ratios in SW620 (2.52, 5.23), DLDI
(1.76, 2.37) and HCT15 (1.41, 2.07) cells (data not
shown). Since the ratio of p(E2F)¢/Spl/ Min-LacZ to
pSpl/Min-LacZ is significantly larger than that of
p(E2F)¢/Min-LacZ to pMin-LacZ in SW480 and SW620
cells it appears that some degree of synergism occurred
between E2Fs and the universal transcription factors in

these cells.
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DISCUSSION

Genetic analysis in a variety of human tumors has
revealed that some of the molecules most often altered
in the cancer are those involved in the control of G1/S
transition of cell cycle.***™™ Especially, cdk-cyclin
D/INK4/pRB/E2F pathway has been found to be altered
in over 80% of human cancers, either by mutations
within the genes encoding these proteins or in their
upstream regulators.””” For example, there are activating
mutations of oncogenes such as cyclin D1 or cdk4 genes,
or inactivating mutations in tumor suppressor genes
including the cdk4 inhibitors.*”” In addition, viral
oncoproteins increase E2F transcriptional activity in host
cells through interactions with pRB and induce various
Cancers'l9~21,25)

Through the reporter vector systems used in this study,
we previously confirmed negligible levels of endogenous
E2F transcriptional activity in normal cells such as
NIH/3T3 and mouse embryonic fibroblast, and drama-
tically high levels of endogenous E2F transcriptional
activity in the cells harboring a DNA tumor viral
genome, such as 293 (adenovirus E1A), HeLa and C3
(HPV E7), and COS-7 (SV40 T) (Manuscript in pre-
paration). Based on these results, we estimated the endo-
genous E2F transcriptional activities of various cancer
cells that are frequently used in cancer studies or
established from the primary tumors of Korean patients.
We could classify these cells into three categories
according to the level of endogenous E2F activity, i.e.,
low level or negative activity, moderate level, and high
level (Table 1). Five HCC cells such as HepG2, Hep3B,
PLC/PRF/5, SNU-182 and SNU-354, and two CRC cells
such as Colo205 and HCT116 showed a negative level
or null activity of endogenous E2F transcriptional
activity. Three HCC cells including SNU-368, -387 and
-449, two GC cells such as SNU-484 and -638, and four
CRC cells such as SW480, SW620, DLD1 and HCT135
had moderate level, while SNU-475 and SNU-216 cells
showed a high level of E2F transcriptional activity.

Among these categories, those cells belonging to

moderate to high level may carry mutations in pRB gene
or the regulators of E2F-pRB pathway, or express
transforming oncogenes of a DNA tumor virus. It is
interesting that several cancer cells maintained the
functional status of E2Fs as the active rtepressors of
universal transcription factors just like what is observed
in normal differentiated cells. However, most of the
cancer cells had the pRB/E2F-mediated active repression
lifted and showed a significant level of E2F-mediated
transcriptional activity. Thus, these results demonstrate
that the relief of E2F from pRB-mediated check and its
subsequent activation is a general phenomenon accom-

panying the human carcinogenesis.
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