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ABSTRACT

Background: Raf- 1, a cytoplasmic serine/threonine
protein kinase, plays an important role in mitogen- and
damage-responsive cellular signal transduction path-
ways. Consistent with this notion is the fact that consti-
tutive modulation of expression and/or activity of Raf- 1
protein kinase modifies cell growth, proliferation, and
cell survival. Although these effects are controlled at least
in part by transcriptional mechanisms, the role of Raf- 1
in the regulation of specific gene expression is unclear.
Materials and Methods: Differential display of mRNA
was used to identify the genes differentially expressed in
human head and neck squamous carcinoma cells (PCI-
06A) transfected with either the antisense c-raf-l cDNA
(PCI-06A-Raf(AS)), or a portion of cDNA coding for the
kinase domain of Raf- 1 (PCI-06A-Raf(K)). The differen-
tially expressed fragments were cloned and sequenced,
and they were used as probes to compare the expression
patterns in parent transfectants by Northern blot analy-
sis. In addition, expression patterns of the novel genes
were examined in normal tissues and cancer cell lines.
Results: Six differentially expressed cDNA fragments
were identified and sequenced. Northern blot analysis
revealed that four of these fragments representing hu-
man al-antichymotrypsin (a1-ACT), mitochondrial cy-
tochrome c oxidase subunit II (COX-Il), and two as-yet
unidentified cDNAs (KAS-1 10 and KAS-l 11 ) were rel-

atively overexpressed in PCI-06A-Raf(AS) transfectants
compared with PCI-06A-Raf(K) transfectants. The other
two cDNA fragments representing human elongation
factor- la (HEF- la ) and omithine decarboxylase anti-
zyme (OAz) were overexpressed in PCI-06A-Raf(K)
transfectants compared with PCI-06A-Raf(AS) transfec-
tants. The KAS-110 (114 bp) and KAS-11l (202 bp)
cDNAs did not show significant matches with sequences
in the GenEMBL, TIGR, and HGS DNA databases, and
these may represent novel genes. The KAS-1 0 and
KAS-lll transcripts, -0.9 kb and -0.5 kb, were ob-
served in most normal tissues and several cancer cell
types, indicating their housekeeping function.
Conclusions: This study reports novel components of
the Raf-I signaling pathway. al-ACT, HEF-la, COX-Il,
and OAz have been previously implicated in diverse
cellular responses including transformation, energy me-
tabolism, and cell survival. Our data suggest that expres-
sion of these genes may play a role in the Raf- 1-mediated
biological activity of PCI-06A cells. The KAS-110 and
KAS- 111 cDNAs represent unknown genes, and further
investigations are necessary to determine their role in
the cellular response. Identification of specific targets
may provide useful markers for prognosis and therapy
selection in squamous cell carcinoma.

INTRODUCTION
Raf- 1, the product of the proto-oncogene c-raf- 1,
is a cytoplasmic 70-75 kDa serine/threonine
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protein kinase. A variety of biochemical experi-
ments have shown that Raf-1 protein kinase is
an important component of the signal transduc-
tion pathways initiated by diverse agents, includ-
ing growth factors, cytokines, ultraviolet radia-
tion, and ionizing radiation (1-8). In addition,
we and others have shown that the constitutive
activation of Raf- 1 protein kinase occurs by trun-
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cation of the regulatory amino terminus and re-
tention of the kinase domain (9-12). Activated
Raf-1 triggers a kinase cascade that includes the
phosphorylation of the mitogen-activated extra-
cellular kinase (MEK), a dual-specificity kinase
that stimulates the mitogen-activated protein ki-
nase, MAPK (13). Of further importance are ob-
servations that activated Raf- 1 transactivates
transcription from the following sites: AP-1 and
Ets binding sites in the polyoma virus enhancer,
c-fos and egr- 1 promoters, and promoter containing
NF-KB binding site (5,14-16). The role of Raf-1 in
the regulation of specific gene expression is un-
clear.

Depending on the cell type, the constitutive
modulation of expression and/or activity of
Raf- 1 leads to various biological consequences.
For example, the catalytic activation of Raf- 1
protein kinase is associated with the neoplastic
growth of recipient fibroblasts and epithelial cells
(9-12). We have reported a correlation of the
inhibition of c-raf- 1 gene expression by antisense
c-raf- 1 cDNA transfection with delayed tumour
growth in athymic mice and enhanced sensitivity
to ionizing radiation in radioresistant head and
neck squamous carcinoma cells (HNSCC, SQ-
20B) (17). Other studies have shown that inhi-
bition of Raf- 1 expression by antisense raf
oligodeoxynucleotides has anti-tumor and radio-
sensitizing effects in different tumor cell types
(18-20). A kinase-activated Raf-1 deletion mu-
tant has been shown to improve Bcl-2 mediated
resistance to apoptosis, and this requires target-
ing of Raf-1 to mitochondrial membranes (21).
Furthermore, mouse embryos with a targeted
disruption of the c-raf-1 gene have been gener-
ated and display a phenotype strikingly similar to
that of the epidermal growth factor (EGF) recep-
tor knock-out mice, involving epithelial and pla-
cental defects (L. Wojnowski, personal commu-
nication). These diverse effects may be at least in
part due to the involvement of Raf- 1 in the mod-
ulation of multiple effectors, each having a more
direct role in the specific biological response.

The power of the differential display of
mRNA technology to identify the differentially
expressed genes remains undisputed (22). It al-
lows the analysis of changes in specific mRNA
levels by rapid display and simultaneous expres-
sion of mRNAs in the well-matched cell popula-
tions (22,23). The purpose of this study was to
identify the differentially expressed genes in the
two isogeneic, transfectant cell lines established
from the same human head and neck squamous
carcinoma cell line (PCI-06A). PCI-06A-Raf(AS)

transfectants were established by stable transfec-
tion of expression vector (pcDNA3) containing
the full-length human antisense c-raf- 1 cDNA
into PCI-06A cells, and PCI-06A-Raf(K) transfec-
tants were established by stable transfection of
pcDNA3 plasmid DNA containing a kinase-acti-
vated deletion mutant of c-raf- 1 cDNA into PCI-
06A cells (12). PCI-06A-Raf(AS) transfectants
have flattened, epithelioid morphology, whereas
PCI-06A-Raf (K) transfectants exhibit a strikingly
transformed morphology consisting of spindle-
shaped and refractile cells showing anchorage-
independent growth (12). We hypothesize that
phenotypic differences in these two transfectants
may be attributed to the differential expression
of specific genes after constitutive modification of
Raf- 1. Identification of these effectors may pro-
vide important targets for prognosis and therapy
selection in HNSCC.

MATERIALS AND METHODS
Cell Culture
Human tumor cells transfected with expression
vector (pcDNA3) containing the entire coding
domain of human c-raf- 1 cDNA in the antisense
orientation (PCI-06A-Raf (AS)) or a portion of
cDNA coding for the kinase domain of Raf-1
(PCI-06A-Raf (K)) were established from a head
and neck squamous carcinoma cell line (PCI-
06A) (24) as described earlier (12). PCI-06A-Raf
(AS) and PCI-06A-Raf (K) transfectants were
grown in minimum essential medium supple-
mented with 15% heat-inactivated fetal bovine
serum (FBS), 10 mM Hepes, 1 mM nonessential
amino acids, 2 mM L-glutamine, 25 jig/ml gen-
tamicin, 700 jig/ml G418, all obtained from
Gibco/BRL (Grand Island, New York), and 0.4
,tg/ml hydrocortisone (Sigma, St. Louis, MO).
Cells were cultured at 370C under 5% CO2.

cDNA Synthesis and Differential Display
of mRNAs (DD-RTPCR)
Total cellular RNA was extracted from the PCI-
06A Raf (AS)/Raf (K) transfectants using gua-
nidium isothiocyanate followed by the cesium
chloride gradient centrifugation method (25).
The RNA was then further cleaned of chromo-
somal DNA contamination by treating with
DNAseI using the MessageClean kit according to
the manufacturer's instructions (GenHunter,
Brookline, MA). In the presence of 0.2 ,um of an
anchor primer (HT-11A, HT- 1 1 C, or HT- 1 1 G; Gen-
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Hunter) and 200 U of Superscript II (Gibco/BRL)
0.5 ,g RNA was used in a reverse transcription
reaction (RT) according to the manufacturer's
instructions (GenHunter). cDNA was then either
stored at -200C or used in a polymerase chain
reaction (PCR). PCR was carried out according to
the RNAimage kit (GenHunter). Briefly, 2 gl of
the RT mix was used in a reaction with 0.2 AM of
the same anchor primer as used in the cDNA
generation and 0.2 ,uM of an arbitrary primer
(H-APL-H-AP8; GenHunter), 2 ,uM dNTP, 10 ACi
35S-dATP (1250 Ci/mmol; NEN Dupont, Boston,
MA) and 1 unit of Amplitaq (Perkin Elmer,
Branchburg, NJ). The reactions were subjected to
40 cycles at 940C for 30 sec, 40°C for 2 min, and
720C for 30 sec, followed by a final soak temper-
ature of 720C for 5 min on the 9600 Perkin Elmer
thermal cycler (Perkin Elmer). The reactions
were then stored at -20°C. To examine the dif-
ferentially displayed mRNAs, 3.5 gl of sample
was mixed with 2 ,ul of loading dye (GenHunter),
incubated at 800C for 2 min, and electrophoresed
on a 6% denaturing polyacrylamide gel, fol-
lowed by autoradiography.

Reamplification and Cloning
of cDNA Fragments
Bands of interest, bands overexpressed in the
PCI-06A-Raf (AS) transfectants as compared to
PCI-06A-Raf (K) transfectants or the converse,
were located on the differential display gel and
cut out, and DNA was eluted by soaking the
bands in 20 ,l H20 for 10 min and then boiling
for 15 min. The supernatant was ethanol precip-
itated and then sample was dissolved in 12 ,ul
H20 and reamplified using the original combina-
tion of the arbitrary and anchor primers accord-
ing to the instructions in the RNAimage kit. If the
amplified product was not detectable by 1.5%
agarose gel electrophoresis, a third-step PCR as
described above was carried out using a 1:10
dilution of the reamplified PCR product. The PCR
product was cloned into the PCR 2.1 cloning
vector according to the TA cloning kit instruc-
tions (Invitrogen, San Diego, CA). Plasmid DNA
isolation from overnight cultures of the trans-
formed E.coli cells (One Shot, INV aF'; Invitro-
gen) was carried out by the alkaline lysis and
phenol/chloroform extraction method (25). Size
of the insert cDNA was determined by restriction
digestion with EcoRI, followed by agarose gel
electrophoresis. Inserts of expected sizes were
purified from the agarose gel according to the
Qiax II kit (Qiagen, Chatsworth, CA).

cDNA Sequencing
The partial cDNA clones representing differen-
tially expressed mRNAs were sequenced in both
directions, using either the T7 or M13 reverse
primer (Stratagene, La Jolla, CA) and the Seque-
nase version 2.0 kit (Amersham, Cleveland, OH)
according to the manufacturer's instructions.
DNA sequence was confirmed using the auto-
mated DNA sequencer (Applied Biosystems, Per-
kin Elmer). The cDNA sequences were subse-
quently entered in the DNA databases
(GenEMBL, TIGR, HGS) to examine the homol-
ogy to the known genes and available cDNAs.

Northern Blot Hybridization Analysis
Total RNA extracted from the transfectants was
fractionated on a 1.0% formaldehyde agarose gel
and transferred onto nitrocellulose membrane
(Schleicher & Schuell, Keene, OH). cDNA inserts
and GAPDH cDNA probe were radiolabeled with
32P-dCTP using a random primer DNA labeling
kit (Pharmacia Biotech, Piscataway, NJ). Blots
were sequentially hybridized first to a radiola-
beled partial human cDNA insert and then to
GAPDH cDNA probe at 42°C in buffer containing
50% formamide, 5X SSC, lX Denhardt's solu-
tion, 20 mM sodium phosphate (pH 6.8), and
200 jig/ml sheared and denatured salmon sperm
DNA. Blots were washed three times in 2X SSC
and 0.1% SDS, five times in 0.2X SSC and 0.1%
SDS, and twice in 2X SSC at 55°C. Dried blots
were exposed to X-ray films. Autoradiographs
were computer-scanned using the Image-Quant
software (Molecular Dynamics, Sunnyvale, CA).
The statistical significance of the differences in
gene expression between the two transfectants
was determined using the paired t-test (Excel
version 5.0). Expression of some of the cDNA
fragments was also examined on 2 ,ug per lane
poly (A) + mRNA blots of multiple human tissue
and cancer cell lines (Clontech, Palo Alto, CA).
These blots were sequentially hybridized with
the cDNA insert followed by the 3-actin cDNA
probe according to the manufacturer's instruc-
tions. Briefly, prehybridization and hybridization
were carried out in ExpressHyb solution (Clon-
tech) at 680C. After washing, damp blots were
covered with plastic wrap and exposed to X-ray
film at -700C.
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FIG. 1. Outline of experimental approach used
for identification of differentially expressed
transcripts in PCI-06A-Raf(AS) versus those in
PCI-06A-Raf(K) transfectants

RESULTS

Selection of Differentially Displayed
mRNAs in PCI-06A-Raf(AS) versus

PCI-06A-Raf(K) Transfectants

The experimental approach used to identify the
differentially expressed genes following the con-

stitutive modulation of Raf-1 protein kinase is
outlined in Figure 1. We compared the patterns
of differentially displayed mRNAs simulta-
neously in PCI-06A-Raf(AS) and PCI-06A-
Raf(K) transfectants. Twenty-four different an-

chor and arbitrary primer combinations were

tested to identify differentially displayed mRNAs
in these two categories. The overall patterns of
the amplified cDNA species were essentially the
same and any specific differences within the
transfectant cell lines were easily visually identi-

fiable. Each primer combination displayed ap-
proximately 150-200 bands, each band theoret-
ically representing one transcribed gene (22).
The selection of a differentially expressed band
was based on the presence of this band in PCI-
06A-Raf (K) transfectants and its absence in PCI-
06A-Raf(AS) transfectants or the converse, i.e.,
the presence of a band in PCI-06A-Raf(AS)
transfectants and its absence in the PCI-06A-Raf
(K) transfectants. If a band was present in both
transfectant cell lines, selection was based on a
significant visual difference in the band intensity
noted in these two transfectant cell lines. In the
present study, 6 of the 24 primer combinations
used led to the identification of differentially ex-
pressed mRNAs: KAS-101, KAS-102, KAS-103,
KAS-104, KAS-110, and KAS-111 (Table 1,
Fig. 2). KAS-101, K7AS-104, and KAS-110 frag-
ments were selected on the basis of the relatively
higher band intensity in PCI-06A-Raf(AS) cells,
whereas KAS - 102, KAS - 103, and KAS - 111 frag-
ments were selected because of the relatively
higher signal in PCI-06A-Raf(K) cells (Fig. 2).
The selected fragments were eluted from the
gels, purified, and reamplified. Each fragment
exhibited single band upon reamplification (data
not shown). The cDNA fragments were then
cloned into the TA cloning vector.

Identification of Differentially
Displayed mRNAs

Nucleotide sequencing analysis and GenEMBL
DNA database homology search of the partial
cDNA fragments were performed; the data are

shown in Table 2. KAS-101 was found to have
96% sequence homology in 501 bp overlap to
human al-antichymotrypsin (al-ACT), KAS-102
had 98% homology in 309 bp overlap to human
elongation factor-la (HEF-la), KAS-103 had 99%
homology in 160 bp overlap to human mitochon-
drial cytochrome c oxidase subunit II (COX-II), and
KAS-104 had 87% homology in 269 bp overlap to
human ornithine decarboxylase antizyme (OAz).
The partial cDNA sequences of two other frag-
ments, KAS-l10 (114 bp) and KAS-1l1(202 bp),
showed no significant homology to any of the se-

quences in the GenEMBL database or to human
cDNA sequences in the TIGR and HGS databases,
indicating that these two cDNAs may represent the
novel genes (Table 2, Fig. 3).

PCI-06A-Raf(AS)

mRNA

cDNA

PCR with arbitrary
and anchor primers
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TABLE 1. Sizes of differentially displayed fragments in PCI-06A-Raf (AS) versus PCI-06A-Raf (K)
transfectants

Primer Combination Used Approximate Size
Differentially Displayed of Amplified
Fragment Arbitrary Primer' Anchor Primerb Product (bp)c

KAS-101 AP4 HT-11C 950

KAS-102 AP5 HT-lC 350

KAS-103 AP2 HT-11C 200

KAS-104 AP6 HT-11C 300

KAS-110 AP2 HT-11G 200

KAS-111 AP6 HT-11G 200

'AP2 = 5'-GAUTGCC-3'; AP4 = 5'-CTCAACG-3'; AP5 = 5'-AGTAGGC-3'; AP6 = 5'GCACCAT-3'.
bH = 5'-AAGCIT-3'.
cSize of the amplified PCR products was determined by 1.5% agarose gel electrophoresis.

Differential Expression of al-ACT, HEF-
la, COX-H, and OAz Genes Following
Constitutive Modulation of Raf-1
When Northern blots of PCI-06A-Raf(AS) and
PCI-06A-Raf(K) transfectants were hybridized
with the radiolabeled partial cDNA inserts (KAS-
101 to KAS- 104, Table 2), the expected sizes of
the corresponding known transcripts were ob-
served in both transfectants (Fig. 4). Consistent
with the PCR-based identification of the differ-
ential gene expression (Fig. 2) is the finding that
al-ACT and HEF- l a were preferentially ex-
pressed in PCI-06A-Raf(AS) and PCI-06A-Raf (K)
transfectants, respectively. There was an approx-
imately 170% overexpression of al-ACT in PCI-
06A-Raf(AS) transfectants compared with that of
PCI-06A-Raf (K) transfectants. An approximately
160% increase in HEF-la expression was ob-
served in PCI-06A-Raf(K) transfectants com-
pared with that in PCI-06A-Raf(AS) transfec-
tants. Surprisingly, the Northern blot analysis of
COX-II and OAz did not complement the differ-
ential display gel (DD-gel)-derived information.
COX-II, which was initially isolated from the
DD-gel based on the higher band intensity in
PCI-06A-Raf(K) transfectants (KAS-103, Fig. 2),
showed an approximately 190% increase in the
expression in PCI-06A-Raf(AS) compared with
that in PCI-06A-Raf(K) transfectants in the
Northern blots (Fig. 4). Likewise, DD-gel showed
the higher band intensity of OAz in PCI-06A-
Raf(AS) transfectants (KAS - 104, Fig. 2), whereas
the Northern blot analysis showed an approxi-

_ KAS-101 _1_
KAS-103

. > IGKS-102 -

K AS KASK AS

KAS-111
_g _l-~~~~~KAS-110 _
_ KAS-104 _

FIG. 2. Identification of differentially ex-
pressed mRNAs in PCI-06A-Raf(AS) versus
those in PCI-06A-Raf(K) transfectants
The differentially expressed fragments are indicated
by arrows, and they were generated in the PCR re-
actions using different combinations of an anchor
primer and an arbitrary primer as described in
Table 1. The PCR-amplified a-[35S]dATP-labeled
products were electrophoresed in 6% polyacrylamide
gels, followed by autoradiography as described in
Materials and Methods. AS, PCI-06A-Raf(AS); K,
PCI-06A-Raf (K).

mately 201% increase in its expression in PCI-
06A-Raf(K) compared with that in PCI-06A-
Raf(AS) transfectants (Fig. 4). The possible
reasons for this discrepancy between the DD-gel
methodology and the Northern blot assay are
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TABLE 2. Identification of partial cDNA fragments

cDNA DNA Database
Fragment (Accession No.) Identification Reference

KAS-101 GenEMBL (JO5176) Human al-antichymotrypsin 26
KAS-102 GenEMBL (JO4617) Human elongation factor EF-la 27
KAS-103 GenEMBL (X55654) Human mitochondrial cytochrome c oxidase Direct submission

subunit II
KAS- 104 GenEMBL (U09202) Human ornithine decarboxylase antizyme 28
KAS-110 GenEMBL (U70772) Novel This study
KAS-ill GenEMBL (U70771) Novel This study

discussed below. The differences observed by the
Northern blot analysis of the expression of
COX-I1 and OAz genes were found to be repro-
ducible, and they were significant when com-
pared using the paired t test (Fig. 4).

Differential Expression of Novel Genes
Following Constitutive Modulation of
Raf-l, and in Human Normal Tissues
and Cancer Cell Lines
The partial cDNA fragments KAS- 110 and KAS-
111 (Table 2, Fig. 3) were radiolabeled and hy-
bridized to total RNA extracted from the PCI-
06A-Raf(AS) and PCI-06A-Raf(K) transfectants.
The KAS-IO0 and KAS-Ill transcripts, -0.9 kb
and -0.5 kb, respectively, were seen in both
transfectants. Consistent with the PCR-based dif-
ferential expression analysis is the finding that
KAS-110 expression was higher (-200%) in
PCI-06A-Raf (AS) transfectants (Fig. SA). How-
ever, contrary to the DD-gel data, Northern blot
analysis revealed an -300% increase in expres-
sion of KAS-I 11 gene in the PCI-06A-Raf (AS)
transfectants compared with that in PCI-06A-Raf
(K) transfectants (Fig. 5A). Analysis of the ex-
pression of KAS-1 10 and KAS-1 1 1 genes in nor-
mal human tissues indicated that, in general,
KAS- 11 1 was very well represented in a majority
of the tissues, whereas KAS- 110 expression was
relatively higher in heart, placenta, skeletal mus-
cle, pancreas, prostate, testis, small intestine, and
colon, compared with that in brain, lungs, liver,
kidney, spleen, and ovary (Fig. SB). Both genes
were expressed in all cancer cell types examined,
KAS- 1 10 expression being relatively abundant in
a colorectal adenocarcinoma cell line (SW480),
and KAS- 1 1 gene was highly expressed in four
of the eight cancer cell lines examined: chronic

KAS-1 10

1 tcatgggaaa agtaccgtaa atgaatggta tcggataaac aataacggga

51 gttcgaggta atcccgttta acaaaaaagt aacaaaattt cagtcgtgga

101 tttagaggga ccgg

KAS-1 11

1 agaccgtctt tcccctgact actaaggtac tgggacgtca gcgtcttcaa

51 ggtctatcct ctaatgaacc tgtatcgtta atggggaggt ttagcccgtg

101 gtggaggaag tcccgcgtac tctggtataa tttaagataa atgataaaca

151 attaaataaa aaggcagtca atacatttta tttgtatgag aagaaggagg

201 gg

FIG. 3. Partial cDNA sequences of novel tran-
scripts differentially expressed in PCI-06A-
Raf(AS) versus PCI-06A-Raf(K) transfectants
The nucleotide sequences representing the anchor
primers (KAS-Il O, KAS-Il l ; Table 1) and the arbi-
trary primer (KAS- 111, Table 1) were confirmed as
the flanking sequences (data not shown).

myelogenous leukemia (K562), colorectal ade-
nocarcinoma (SW480), lung carcinoma (A549),
and a melanoma (G361) (Fig. SB).

DISCUSSION
The serine/threonine protein kinase Raf-1 re-
sponds to diverse stimuli and has been impli-
cated in a number of biological responses. A
global view of the molecular events following the
modulation of Raf- 1 is important in the under-

679
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-cal-ACT
(14kb)

.HEF-1c
(1.7kb)

v u< 2

I. VSE1

0 11
AS K

Probe: acd-ACT
(KAS-101)

AS K

HEF-la
(KAS-102)

AS K

COX-II OAz
(KAS-103) (KAS-104)

FIG. 4. Northern blot hybridization analysis of differential expression of al-ACT, HEF-la, COX-TI,
and OAz genes in PCI-06A-Raf(AS) versus PCI-06A-Raf(K) transfectants
Top panels: Northern blots were sequentially hybridized first with a radiolabeled partial human cDNA probe
(KAS-101, al-ACT; KAS-102, HEF-la; KAS-103, COX-II; or KAS-104, OAz), followed by the radiolabeled
GAPDH cDNA probe. The sizes of various transcripts are shown in parentheses. Lower panel: Computerized
densitometric scanning analysis of the relative increase in gene expression. Relative fold increase in the steady-
state mRNA level was calculated by first normalizing against the GAPDH signal, followed by comparison with
the expression in PCI-06A-Raf(K) transfectants (al-ACT and COX-II) or PCI-06A-Raf (AS) transfectants
(HEF- La and OAz), as explained in Materials and Methods. The data were analyzed using the paired t-test
(Excel version 5.0), and the p values for the statistical significance of the difference between the AS and the
K groups were <0.05 (al-ACT, HEF-la, COX-I1). AS, PCI-06A-Raf(AS); K, PCI-06A-Raf(K).

standing of this otherwise very complex regula-
tory process. Our strategy to identify the compo-
nents of the Raf-1 signaling pathway was based
on the premise that biological changes associated
with the constitutive modification of Raf-1 pro-

tein kinase expression or activity are related to
the modifications of the specific gene expression.
Using well-characterized, isogeneic squamous
carcinoma cells which express either the inhib-
ited or the activated Raf-1 protein kinase, we

demonstrate that an increase in the steady-state
mRNA levels of al-ACT, COX-II, KAS- 110, and
KAS- 1 1 correlates with the downregulation of
Raf-1 protein kinase, whereas an increase in the
steady-state mRNA levels of HEF- 1a and OAz cor-

relates with the activation of Raf- 1 protein kinase.
None of these sequences has been recognized as

part of the Raf-1 signaling pathway thus far.
al-ACT is a member of the serine protease

inhibitor (Serpin) superfamily (29). It is primar-
ily synthesized in the liver and is one of the

acute-phase proteins that rises rapidly in re-
sponse to injuries such as infections and malig-
nancies. In certain malignant cells, al-ACT has
been localized to the nucleus, and it has been
found to bind to DNA (29). alI-ACT has also been
shown to exert an inhibitory effect on cell pro-

liferation by binding to enzymes associated with
DNA replication such as DNA polymerase or

DNA primase. Serpins are also known to inhibit
free radical production, and apoptosis by ionizing
radiation (30,3 1).

This report is not the first demonstration of a

possible link between a serpin and a kinase path-
way. Recently, serine protease-inhibiting drugs, to-
sylphenylalanine chloromethyl ketone (TPCK),
and tosyllysine chloromethyl ketone (TLCK),
which inhibit chymotrypsin and trypsin, have
been shown to indirectly and potently inhibit
activation of pp7os6k, a mitogen-regulated
serine/theronine kinase involved in the G1- to
S-phase transition of the cell cycle (32). Our data

-COX-II
(0.6kb)

-OAz
(0.9kb)

-GAPDH
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showing an elevated expression of a1-ACT in
PCI-06A-Raf (AS) transfectants (Fig. 4) are in
agreement with the higher expression of al-ACT
observed in the c-raf-1 knock-out mouse em-

bryos (-/-) compared with the wild-type em-

bryos (+ / +) (S. Patel and U. Kasid, unpublished
data). These data raise the question as to
whether serine proteases are involved in a Raf- 1

signaling pathway or whether there is a new role
for ACT. Given a correlation between down-
reguation of Raf- expression by antisense raf
cDNA or oligodeoxynucleotides and radiosensi-
tization of squamous carcinoma cells (17,19,20),
increased expression of a- ACT mRNA in the
antisense c-raf- 1 cDNA transfectants may be a

protective response.

Cytochrome c oxidase is one of the electron-
driven proton pumps of oxidative phosphoryla-
tion, and it plays an important role in energy

FIG. 5. Northern blot hybridization
analysis of KAS-llO and KAS-l1l
genes

(A) KAS-Il 0 and KAS- l ll expression in
KAS-110 PCI-06A-Raf(AS) and PCI-06A-Raf(K)
(-0.9 Kb) transfectants. Blots were sequentially

probed with KAS- llO or KAS-- 1 1 cDNA
probe, followed by the GAPDH cDNA
probe. (B) Comparison of the expression
of KAS- 1 l 0 (top panels) and KAS- I II
genes (middle panels) in human normal
tissues (Clontech MTN blots I and II) and

KAS- 1 human cancer cell lines (Clontech). Blots
(-0.51(b) were sequentially probed with radiola-

beled KAS-IlO, KAS-lIl, and ,B-actin
(bottom panels) cDNA probes. HL-60,
promyelocytic leukemia; K-562, chronic
myelogenous leukemia; MOLT-4, lym-
phoblastic leukemia; BL-Raji, Burkitt's

P-Actin lymphoma; SW480, colorectal adenocar-
(2.0 Kb) cinoma; A549, lung carcinoma; G361,

melanoma.

metabolism (33). Induction of oxidative phos-
phorylation gene expression has been linked to
neoplastic transformation (34,35). In addition,
using the differential plaque hybridization
method, four mitochondrial genes, including
COX-II, and the a2-collagen gene, have been
shown to be more highly expressed in the flat
revertant RI cell line than in the parental human
Ha-ras oncogene transformed NIH3T3 cell line
(36). It is noteworthy that Ras protein is an im-
portant upstream regulator of the Raf- 1 signaling
pathway and that changes in the mitochondrial
gene expression are likely to reflect alterations in
energy metabolism. Our observation of an in-
creased expression of COX-II gene in the PCI-
06A-Raf(AS) transfectants compared with that in
PCI-06A-Raf (IC) transfectants (Fig. 4) suggest
that COX-II is likely to be a downstream compo-

nent of a Ras-Raf signaling pathway, and the

A.

KAS-1lO-
(-o.9 Kb)

GAPDH-

AS K

KAS-111-
(-0.5 Kb)
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COX-II gene may be related to an altered energy

metabolism and/or the flat morphology of the
PCI-06A-Raf(AS) transfectants.

Elongation factor- 1a (EF- 1 a) is a subunit of
EF- 1, a G protein involved in mediating the bind-
ing of aminoacyl tRNAs to the 80S ribosomes
during RNA translation (37). The EF-la subunit
binds GTP, and the exchange of GDP for GTP
leads to an increase in the affinity of EF-1 for
aminoacyl tRNA. Expression of HEF- la mRNA is
enhanced in human cell lines transformed with
various oncogenes (38,39). Using differential hy-
bridization, rat EF-l1a was shown to be overex-

pressed in a highly metastatic v-fos transferred
cell line (38). In addition, overexpression of
EF-l1a in human fibroblasts renders these cells
susceptible to transformation by chemical carcin-
ogens, suggesting a role of HEF-1a in carcino-
genesis (40). Since DNA binding activity of the
transcription factor AP-1 has been shown to re-

quire the activated Raf-1 protein kinase (14),
and the promoter region of the HEF-l1a gene

contains the AP-1 binding site (41), we speculate
that an increased level of HEF-1a mRNA ob-
served in the highly transformed PCI-06A-
Raf(K) transfectants (Fig. 4) may be a result of
the AP- 1 activity.

Ornithine decarboxylase (ODC), the key en-

zyme in polyamine biosynthesis, is a prerequisite
for cell proliferation, and it has been shown to be
critical for cell transformation (42-44). Transfor-
mation by ODC is reversed by protein tyrosine
kinase inhibitors, which suggests that at least one
protein tyrosine kinase downstream of ODC is
important in cell transformation (45). ODC over-

expression has also been shown to confer an-

chorage-independent growth and stimulate
MAPK in human breast epithelial cells (46). In-
creased cellular polyamines downregulate ODC
activity via induction of OAz (47). OAz overex-

pression in the transformed PCI-06A-Raf (K)
transfectants (Fig. 4) may reflect its role in the
negative feedback regulation of ODC activity in
these cells.

The two as-yet unidentified genes, KAS- 11

and KAS-112, were preferentially expressed in
the PCI-06A-Raf (AS) transfectants, which sug-

gests that these molecules are novel effectors of
the Raf-1 pathway (Fig. 5). Their expression in
multiple tissues and cancer cell lines indicates
their possible housekeeping function. The isola-
tion of their full-length cDNAs is necessary to
assess the biological significance of these genes in
PCI-06A cells.

We have found a high rate of 'false-posi-

tives', as originally 52 bands were isolated on the
basis of differentially displayed mRNAs. How-
ever, a majority (>40) of these clones showed no
difference in the levels of mRNA expression or
did not hybridize on the Northern blots of PCI-
06A-Raf (AS) or PCI-06A-Raf (K) transfectants
(data not shown). Another technical default has
been a discordance in some of the data obtained
by the DD gel and the Northern blot hybridiza-
tion methods. KAS - 103, KAS - 104, and KAS - 11
fragments did not show overexpression in the
PCI-06A-Raf (K), PCI-06A-Raf (AS), and PCI-
06A-Raf (K) RNAs, respectively. Repeated
Northern blot analysis confirmed that these frag-
ments were differentially expressed; however,
the KAS-103 (COX-II) and KAS-Il transcripts
were overexpressed in the PCI-06A-Raf (AS)
transfectants and the KAS-104 transcript (OAz)
was overexpressed in the PCI-06A-Raf (K) trans-
fectants. It is possible that expression of a frag-
ment in the DD gel may be masked by other
unrelated or nonspecific sequences. As has been
previously suggested (48), reamplified cDNA
fragments from a differential display gel consist
of a mixture rather than one cDNA species be-
cause of the contamination of other comigrating
cDNA fragments, some of which represent truly
differentially expressed genes and others being
constitutively expressed genes or nonspecific se-
quences.

In this report, we identified six novel com-
ponents of the Raf-l-mediated signaling path-
way. While the precise mechanism of induction
of the specific gene expression remains to be
studied, these data suggest that modulation of
Raf-1 leads to interference with the transcrip-
tion, processing, and/or stability of several
mRNAs, resulting in the differential expression
of multiple factors. Identification of these distinct
effectors also implies that Raf- 1 may function via
multiple pathways, which could be selectively
utilized in different cell types.
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