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Effect of Antkme c-raf-1 on 2hnor&niaty and 
Radiation Sensitivity of a Human Squatnous Carcinoma 

Antisense RNA-mediated inhibition of gene expression was used to investigate the 
biological h d o n  of the c-rafl gene in a radhtion-resistant human squamous 
carcinoma cell line, SQ-20B. S1  nuclease protection assays revealed that transfedon of 
full-length raf complementary DNA in the antisense orientation (AS) leads to a specif~c 
reduction (greater than tenfold) of steady-state levels of the endogenous c-rafl sense 
(S) transcript in SQ-20B cells. In nude mice, the malignant potential of SQ-20B cells 
transfected with raf (S) was significantly increased relative to that of SQ-2OB cells 
transfected with raf (AS). SQ-20B cells containing transfected raf (S) maintained a 
radiation-resistant phenotype as compared to those cells harboring the AS version, 
which appeared to have enhanced radiation sensitivity. These data indicate that the 
reduced expression of endogenous c-raf 1 is d a e n t  to modulate the tumorigenicity 
and the radiation-resistant phenotype of SQ-20B cells, thus implicating c-raj l  in a 
pathway important to the genesis of this type of cancer. 

C ELLULAR RADIATION SENS- 
is a complex function of genetic and 
environmental factors, not l l l y  un- 

derstood at the molecular level (1, 2). Only 
recently have applications of genetic engi- 
neering permitted probing of genomic 
events associated with radiation sensitivity 
or resistance (3). In the treatment of cancer, 
the sensitivity or resistance of tumor cells to 
ionizing radiation has substantial clinical 
consequences (4, 5). Using DNA-mediated 
gene transfer, we have observed the associa- 
tion of the raf oncogene in three radioresis- 
tant cancers of the head and neck (6, 7). 
Furthermore, Chang et al. have associated 
the expression of raf and myc oncogenes with 
radioresistant fibroblasts from a patient with 
the Li-Fraumeni syndrome (8). Others have 

reported correlations between myc expres- 
sion and a more radioresistant phenotype of 
lung carcinomas (9, lo), as well as ras expres- 
sion and radiation resistance in rodent cells 
(1 1, 12). An activated raf may also be present 
in oat cell lung carcinomas (13), some of 
which are radioresistant. More recently, 
Wasserman et al. have suggested that the 
sensitivity of squamous cell carcinomas to 
ionizing radiation may be attributable to 
altered poly(adenosine diphosphate-ribose) 
synthesis (14). Unequivocal evidence for 
oncogene modulation of radiation sensitiv- 
ity has not been reported. 
-1t has been recentlv discovered that a 

specific messenger RNA can be functionally 
inactivated by hybridization to complemen- 
tary RNA or antisense RNA (15, 16). A 
number of investigators have now used anti- 

isolated from an Okayama-Berg human fi- 
broblast cDNA library (18) to construct 
various recombinant DNA molecules in the 
eukaryotic expression vector pADMLP. 
This vector contains an origin of replication 
and d p t i o n a l  initiation sequences of the 
ademvirus 2 major late promoter. Three dif- 
ferent types of vector-insere plasmid DNA 
constructs were generated: (i) 3.05-kb Bam 
HI D N A  fi-agment in the "sense" orienta- 
tion, downstream from the ad promoter, 
namely RAF (S); (ii) 3.05-kb Bam HI dlNA 
fkgnent in the reversed orientation, RAF 
(AS); and, (iii) 1.3-kb Bam HI-Bgl 11 dlNA 
W e n t  in the antisense orientation repre- 
senting raf 3' terminal sequences, 3' RAF 
(AS). From SQ2OB, cells were aansfeaed 
with these recombinant DNA molecules 

U. Kasid, T. Brennan, A. Dritschilo, Dcp~rment of sense RNA to s&dY the functional regda- 
Bgl 11 

Radiation Medicine, The Vincent T. Lombardi Compre- tion of gene expression including cellular 
hcnsive Caner R d  center, Gee wn Un*aity oncogenes. We have investigated the ,-ow- Fig. 1. Southern blot hybridization analysis of 
Medical Center, Washington, DC 2 8 ?  
A. Pfeifer, ,~aboratory of ~ u m m  M o g e n e s i s ,  ~ a -  quence~ of introduction of sense or anti- DNA from types. DNA ples (10 pg per lane) were digested to completion tima] cancer Institute, Institutes of sense human c-raf-1 cDNA sequences on with Bgl II and h y b r i ~  to a 32plabeIed Bethesda, MD 20992. 
M. ~cdrett  and R. R. Weichselbaum, ~ichad R- major biological parameters in radia- kb Ava I1 fiagment of c-raf-1 cDNA (6). DNA 
Hospital, University of Chi Center for Radiation tion-resistant human laryngeal squamous isolation, restriction endonudease digestion, 
Therapy, PrieLka School o?%dicine, University of 
Chicago, Chicago, IL 60637. carcinoma cells (SQ-20B): tumor growth 0.8% %arose gel electrophoresis, Southern blot- 
G. E. Mark, Merck, Sh and Dohmc R d  L a b -  and radiation d v a l .  ting onto nitroce~dae, and 32P-labeling of 
rator&, Rahway, NJ 0 x 5 .  probes were all performed as described (27). 

We have used a 3.05-kb Barn HI frag- Hvbridization conditions and wash conditions 
*To whom correspondence should be addrrssed. ment of human C-raf-1 cDNA (17) that was have also been previously described (6). 
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along with the pSV2neo selectable marker, 
which coders resistance to geneticin (G418 
s f i t e ) .  Forty-eight hours after transkction, 
tumor cells were selected fbr their abiity to 
grow in the medium supplemented with 
G418 (800 pglml). After 2 to 3 weeks in the 
selective medium, viable cell populations des- 
ignated SQ20BlpADMLP (the control for 
vector sequences), SQ-20BlRAF (S), SQ- 
2 0 B M  (AS), and SQ-20BI3' RAF (AS) 
emerged from the vector-transfected cultures, 
whereas no SQ-20B cells survived in mock- 
t r a n s f d  control plates. 

Southern blot hybridization analysis with 
an Ava I1 cDNA fragment of c-rafl (1.09 
kb) (6) confirmed the success of transfec- 
tions of all of the raf cDNAs into the SQ- 
20B cells (19). Bgl I1 digestions of these 
DNAs distinguished SQ-20B RAF (S) 
transfectants (new 1850-bp Bgl I1 frag- 

ment) from SQ-20BlRAF (AS) transfec- 
tants (new 1200-bp Bgl I1 fragment) (Fig. 
1). Densitometer scanning of the autoradio- 
graph and a comparison with the endoge- 
nous [unamplified (6)] c-raf-1 sequence sug- 
gested that approximately three to five 
copies of the raf (S) cDNA and two copies 
of the raf (AS) cDNA were present per cell 
in the transfected RAF (S) and RAF (AS) 
cell populations, respectively. 

The &cacy of the transcription of trans- 
fected cDNA sequences in SQ-20B cells was 
tested with RNA probes specific for hybrid- 
ization with raf (S) or raf (AS) transcript. A 
479-bp Pst I-Hind I11 fiagment from the 5' 
end of the raf cDNA was subcloned either 
in 5' + 3' or 3' + 5' orientation down- 
stream from the SP6 promoter of the in 
vitro transcription vector, pGEM-1 (Pro- 
mega Biotech). For detection of the anti- 

e was resu 
mM) O 

nples were I 
gel. After 4 

Flg. 2. SI nucleas n assav tor the detec- 
tion of c-rap 1 tra NA extraction, solu- 
tion hybridization, 31 nuclease digestion, and 
native 5% polyacrylamide gel electrophoresis 
\\!ere performed as described (28). (A) For solu- 
tion hybridization, 20 kg  of the cellular RNA and 
80 pg of sonicated salmon sperm DNA were 
hybridized with a "P-labeled antisense RNA 
probe (2 x 10" cpm). This was foUowed bv S1 
digestion, phenol:chloroform extraction, and eth- 
anol precipitation of the hybrid RNA. The pre- 
cipitat spended in tris (10 mM) and 
EDTP sH 8.0) buffer. Equal counts of 
the sar loaded on a 5% native polyacryl- 
amide ~ompletion of the electrophore- 
sis, the gel was dried, and autoradiogaphy was 
performed at -80°C for various times from 6 
hours to 3 days. Autoradiograms were scanned 
with a Hoeffer densitometer. (B) In vitro tran- 
scribed antisense RNA probe specifically detects 
in vitro transcribed and complementan, sense 
RNA probe. Approximately 1 to 5 ng of the sense 
LVA probe and 100 kg  of the salmon sperm 
DNA were hybridilrd with '2P-laheled antisense 
RNA probe (2 x 10" cpm). S1 digestio 
electrophoresis performed as described 
Gel was autoradiographed for 15 min 
temperature. (C) CAT enzyme activity assav In 
SQ-20R cells transfected with pADMLP-CAT 
plasmid. Cells (5 x 10") were harvested, washed 
three times in phosphate-buffered saline, resus- 
pended in 25 r M  tris (pH 7.8) (100 ~ 1 )  and lysed 
by fire cycles of freeze-thawing. Crude cell ex- 
tracts (20 pI per ixture) wer 
for chlorarnpheni ing ac t iv i~  
dard thin-laver ch >hy as descri 

reaction m 
col acetylat 
romatograF 

n and gel 
for (A). 
at room 

e assayed 
r bv stan- 
ibed (29). 

sense RNA, the vector containing the insert 
in the 3'- 5' orientation was linearized 
with Eco RI, and an antisense transcript 
(556 bp) was generated with SP6 RNA 
polymerase. For detection of the sense 
RNA, the vector containing an insert in the 
5' + 3' orientation was linearized with Pvu 
11, and a sense transcript (211 bp) was 
generated with SP6 RNA polymerase. 
Specificity and sensitivity were tested by 
solution hybridization with complementary 
and noncomplementary sense RNA probes as 
well as unrelated transcripts. In a nuclease 
protection assay, only the complementary 
sense RNA probe (119 bp) was identified 
(Fig. 2B). No protected fragments could be 
v i s u M  with unrelated transcripts. The total 
cellular RNA was isolated from SQ-20BlRAF 
(AS) cells at passage four, 3 months after 
transfection. Antisense 5' raf RNA probe 
detected a distinct endogenous sense tran- 
script in SQ-20B cclls as cvidcnccd by the 
protected 479-bp hybrid, whereas the expres- 
sion was inhibited to less than one-tenth in 
SQ-20B cells transfected with fidl-length raf in 
the reversed orientation, RAF (AS) (Fig. 2A). 
Similar inhibition of sense RNA in SQ- 
2 O B M  (AS) cells was noted when a shorter 
probe (280 bp) was used (19). Antisense raf 
transcripts were not identifiable with the 32P- 
labeled sense probe in SQ-20BlRAF (AS) 
cells. This observation may reflect the unstable 
nature of this transcript, as has been observed 
in murine cells transfected with an antisense 
myc-producing plasmid DNA (20, 21). How- 
ever, in order to confirm our ability to express 
genes from the pADMLP vector in SQ-20B 
cells, pADMLP containing the bacterial 
chloramphenicol acetyltransferase (CAT) 

Weeks 

Fig. 3. Tumorigenic potential of SQ-20BlRAF (S 
and AS) transfectants. BALBIc nu/nu mice were 
maintained in the animal research resources facili- 
ty of Georgetown University. Cells (5 x lo6) of 
SQ-20B transfectants containing either the sense 
(S) or antisense (AS) oriented c-rafl cDNA 
downstream from the adenovirus 2 major late 
promoter (pADMLP), were injected subcutane- 
ously between the scapulae into groups of seven 
to ten males. Sizes of the tumors were determined 
at weekly intervals. Values are means + SEM. 0, 
SQ2OBlRAF (S); A, SQ-2OBIpADMLP or  SQ- 
20B13' RAF (AS); 0, SQ-20BIRAF (AS). 
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gene was transfected into SQ-20B cells, and contrast, SQ-20BlRAF (AS) cells showed mechanism by which transcripts from hu- 
the CAT enzyme activity was tested in the cell no evidence of tumor growth during an man c-raf cDNA (S or AS) might influence 
extracts 48 hours after transfection. Acetylated observation period of up to 4 weeks. How- the radiation response of tumor cells. Based 
forms of the chloramphenicol were observed ever, small nodules that eventually grew into on our limited understanding of proto- 
(Fig. 2C). tumors appeared in these mice at 5 weeks oncogenes, we would not expect the raf gene 

The SQ-20B cell line was established after inoculation. SQ-20BIRAF (S) cells product to be a repair protein, but rather to 
from a biopsy of a laryngeal carcinoma that showed an increased growth rate of the modulate the repair cascade by indirect 
had progressed in the face of a full course of tumor as compared to control cells, SQ- mechanisms or to alter the cell cycle distri- 
radiation therapy. We next investigated the 20BlpADMLP (Fig. 3). No metastases were bution (a consequence of which may be 
malignant potential of SQ-20BIRAF (S, AS, observed in any of the animals (19). The alterations in radiosensitivity) (25, 26). Such 
or 3'AS) transfected cell populations by modulation of tumorigenicity by altering c- modifications of the radiation response of 
their inoculation into seven to ten male nude raf-1 expression in SQ-20B cells provides tumor cells may be nevertheless significant, 
mice (nulnu). Representative results from important insight into its role in this cancer. and may hold important clinical implica- 
one such experiment using cells at passage Radiation survival studies were per- tions. Our studies demonstrate a close rela- 
two and approximately 40 days after trans- formed on the transfected cell populations. tion among raf expression, tumor growth 
fection are shown in Fig. 3. SQ-20B cells In our experience, both NIH 3T3 and hu- rate, and response to ionizing radiation. 
transfected with the control vector man tumor cell populations have within 
pADMLP and the SQ-20B/3' RAF (AS) them cells that exhibit sufficient heterogene- REFERENCES AND NOTES 
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