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Abstract Intercellular adhesion molecule-1 (ICAM-1) 
mediates two important functional aspects of tumor 
biology, namely enhancement of tumor metastasis and 
mediation of host defense mechanisms such as lym- 
phocyte-mediated tumor cytotoxicity. Since ICAM-1 is 
expressed by most renal cell carcinomas (RCC), the 
regulation of ICAM-1 expression is important in un- 
derstanding the biological behavior of RCC. We report 
an investigation on ICAM-1 expression and molecular 
regulation by cytokines and protein kinase C activator 
on RCC cell lines. Of the various cytokines, tumor 
necrosis factor ~ (TNF~), interferon- 7 (IFN7), and 
phorbol myristate acetate (PMA) strongly upregulated 
ICAM-1 protein expression on RCC. The kinetics of 
ICAM-1 message induction was studied by Northern 
analysis of total RNA extracted from RCC and normal 
kidney proximal tubular (NKPT) cells. Time course 
studies showed that ICAM-1 mRNA was upregulated 
by INFy, TNF~, and PMA, plateaued after 2 h, and 
remained increased for up to 24 h. Although ICAM-1 
mRNA in NKPT cells was upregulated by these cyto- 
kines, their messages returned to basal levels after 24 h. 
ICAM-1 mRNA stability assays showed that both 
unstimulated and stimulated RCC ceils had very stable 
ICAM-1 mRNA up to 24 h. In order to investigate 
whether increased gene transcription contributes to 
ICAM-1 upregulation, RCC cells were treated with 
TNF~, IFNy, or PMA with or without simultaneous 
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addition of actinomycin D. ICAM-1 message induction- 
blocking studies suggested that primary upregulation 
of ICAM-1 mRNA may be caused by transcriptional 
upregulation. These results suggest that long-lasting 
ICAM-1 message upregulation in response to cytokines 
or PMA may be due to transcriptional upregulation in 
the early phase and stabilization of ICAM-1 message in 
the later phase (after 4 h). These observations suggest 
that RCC may lack the normal downregulatory mech- 
anisms which control ICAM-1 expression and may ex- 
plain the high frequency of 1CAM-1 expression observed 
on primary human RCC. 

Key words ICAM-1 . Molecular regulation • Renal cell 
carcinoma • Cytokines • Protein kinase C activator 

Introduction 

intercellular adhesion molecule-1 (ICAM- 1, CD54), one 
of the ligands of lymphocyte function-associated anti- 
gen-1 (LFA-1), is a 90- to l l4-kDa sialoglycoprotein 
member of the immunoglobulin gene superfamily which 
is constitutively expressed on hematopoietic cells, vas- 
cular endothelium, fibroblasts, an& some epithelial cells 
[12, 27, 38]. ICAM-1 expression has also been demon- 
strated on malignant cells such as melanomas [1, 22, 32], 
lymphomas [4, 17, 39], neuroblastoma [30], and other 
carcinomas [30, 42, 44]. 

During analysis of melanoma, Johnson et al. [22] 
determined that one of the melanoma-associated anti- 
gens, P3.58, an 89-kDa cell surface glycoprotein which is 
expressed predominantly in metastatic lesions, is iden- 
tical to ICAM-1 [22]. They showed that ICAM-1 was 
detectable on advanced human melanoma, but not on 
benign melanocytes or early melanoma, and the fre- 
quency of ICAM-1 expression correlated with melano- 
ma thickness, and suggested that ICAM-1 expression 
may contribute to the metastatic or invasive capacity of 
melanoma cells [22]. Natali et al. [31] confirmed that 
expression of ICAM-1 in primary melanoma correlated 
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with the thickness of  the lesions and showed that the 
frequency of  expression of ICAM-1 was markedly 
higher in metastatic lesions than in pr imary  melanomas 
[31]. They concluded that ICAM-1 might be a useful 
marker  to investigate the molecular mechanisms of the 
biological behavior of  melanoma [31]. 

In addition, the importance of  ICAM-1/LFA-1 in- 
teraction in lymphocyte function such as cytotoxicity 
and T-cell proliferation has been demonstrated in a va- 
riety of  studies [11, 16, 19, 24, 35, 37], including ICAM-  
1/LFA-l-mediated T-cell killing [6, 8, 14, 20, 28, 30, 43]. 
For  example, Jackson et al. [20] reported that some 
transitional cell carcinoma (TCC) cell lines express 
ICAM-1,  and that  interferon-? ( IFNy)  and tumor  ne- 
crosis factor a (TNFct) can augment ICAM-1 expression 
[20]. After IFN~/treatment ,  ICAM-1 expression on TCC 
cell lines and lymphocyte-activated killer (LAK) cell- 
mediated killing clearly correlated in a dose-dependent 
manner  and this L A K  cell-mediated cytotoxicity could 
be blocked by anti-ICAM-1 monoclonal  ant ibody [20]. 
These findings suggest that T cells infiltrating into the 
bladder wall after bacillus Calmette-Gu~rin (BCG) 
treatment  released cytokines and upregulated ICAM-1 
expression on tumor  cells, and as a result lymphocyte- 
mediated cytotoxicity could be augmented. 

Recently, we reported that  more than 90% of  renal 
cell carcinomas (RCC) expressed high levels of  ICAM-1 
by immunohistological  and flow cytometric analysis, 
while corresponding normal  kidney proximal tubular 
(NKPT)  epithelium does not [41]. Since RCC is rela- 
tively responsive to immunotherapy  with cytokines [7], 
L A K  cells [33], and tumor-infiltrating lymphocyte (TIL) 
cells [2, 23], we also examined the functional role of  
ICAM-1 on RCC and found that ICAM-1 was impor-  
tant in T I L / R C C  interactions including TIL-media ted  
cytotoxicity and T I L  proliferation [41]. Because ICAM-  
1 is expressed by most  R C C  and because it is potentially 
important  in several functional aspects of  tumor  biology 
(metastasis and host defense mechanisms), we investi- 
gated the molecular regulation of ICAM-1 by RCC and 
normal  kidney. We described the molecular regulatory 
mechanisms in RCC underlying the inducible expression 
of  ICAM-1 by various cytokines and protein kinase C 
activators, and conclude that RCC upregulates ICAM-1 
expression in response to inf lammatory cytokines but 
exhibits a defect in the downregulatory mechanisms 
present in normal  proximal  tubular cells. 

Short-term culture of NKPT cells 

The kidney specimens were perfused with 500 ml Hank's balanced 
salt solution (HBSS, Whittaker Bioproducts, Walkersville, MD) or 
saline to remove extraneous blood and processed as described [13]. 
The normal kidney tissue was minced and digested with collagenase 
type II solution [1 mg/ml (Sigma, St. Louis, MO) in Dulbecco's 
modified Eagle's medium (DMEM, Whittaker Bioproducts, Walk- 
ersville, MD)] containing trypsin inhibitor solution (3.5 mg/ml in 
DMEM, 385 u/mg, Sigma) for 1.5 h at 37°C. NKPT cells were 
placed in complete RPMI (10% FCS, 2 mM L-glutamine, 10 mM 
HEPES, l mM sodium pyruvate, 0.1 mM non-essential amino 
acids and 5 x 10 .5 M 2-mercaptoethanol) and incubated at 37°C in 
5% COa and 95% humidity. NKPT cells were grown to subcon- 
fluency and harvested for mRNA extraction. At the same time, the 
cells were immunostained for cytokeratin and Uro-5 (Signet, MA) 
to ensure the cells were of epithelial origin and not fibroblastic. 

Reagents 

Monoclonal anti-ICAM-1 antibody was purchased from Becton- 
Dickinson (Mountain View, CA). Cytokines used in this study are 
as follows: human recombinant (r) IL-113 (R&D, Minneapolis, 
MN), rIL-2 (Hoffmann-La Roche, Nutley, NJ), rIL-3 (Sandoz, 
Austria), rIL-4 (Sterling, Malvern, PA), rIL-5 (R&D, Minneapolis, 
MN), rIL-6 (Sandoz, Austria), r-interferon-e~ (IFN~) (Schering, 
Kenilworth, NJ), rIFN3, (Biogen, Cambridge, MA), and rTNFc~ 
(Cetus Corporation, Emeryville, CA), Phorbol myristate acetate 
(PMA, Sigma) was reconstituted with dimethylsulfoxide (DMSO)/ 
RPMI and stored at -70°C until usage. 

Two-color immunocytometry 

Immunocytometric analysis of cultured RCC was performed using 
two-color immunofluorescence [26]. Fluorescein isothiocyanate 
(FITC) and phycoerythrin-conjugated monoclonal antibody (mAb) 
were employed to phenotypically identify and quantify tumor cell 
subsets. Isotypic controls for each particular subclass of immuno- 
globulin were utilized. Analyses on the FACScan (Becton-Dickin- 
son, San Jose, CA) were performed utilizing an argon ion laser 
(Cyonics, San Jose, CA) with 15 mW of 488 nm excitation. Optics 
in the fluorescence path included a focusing objective, beam split- 
ters, dichroic mirrors, a 530-nm bandpass filter, a 585-nm bandpass 
filter, and a 650-nm-long pass/cut-on filter. Analysis was done 
using multicontour, multiparameter software [Paint-a-Gate and 
LYSIS II (Becton-Dickinson)]. Results were reported as a tumor 
cell percentage corrected for nonspecific binding of isotypic 
controls as determined by measurement of autofluorescent back- 
ground. 

Plasmid 

pCDM8 containing ICAM-1 cDNA was kindly provided by 
Dr. T. Springer (Harvard Medical School, MA) and digested with 
XbaI to generate a 1.8-kb ICAM-1 cDNA. 

Materials and methods 

Human RCC cell lines 

The RCC cell lines RC-1 and RC-2 [18] were maintained in com- 
plete RPMI media [10% fetal calf serum (FCS), 200 mM L-gluta- 
mine, 25 mM hydroxyethylpiperazine ethanesulfonic acid 
(HEPES), 100 mM sodium pyruvate, 10 mM non-essential amino 
acids and 5 x 10 -5 M 2-mercaptoethanol]. Cells were trypsinized 
weekly and grown to subconfluency for experiments. 

RNA isolation and Northern analysis 

Total RNA was extracted from unstimulated RCC cells and short- 
term cultured NKPT cells and following stimulation with cytokines 
or PMA using the guanidine isothiocyanate cesium chloride 
method [45]. Briefly, the medium was removed, and cells were 
washed with HBSS (Gibco-BRL, Gaithersburg, MD) and lysed 
with 5.2 ml guanidine solution (4.2 M guanidine isothiocyanate, 
0.17 M N-lauroylsarcosine, 25 mM sodium citrate, 90 mM 2-mer- 
captoethanol). The lysate was drawn repeatedly through a 5-ml 
pipette and layered over a 2.0-ml, 5.7 M cesium chloride (CsC1) 
cushion. RNA was purified by centrifugation in a Sorvall SW41 Ti 
rotor (Beckman) for 14-20 h at 30 000 rpm. The RNA pellet was 
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resuspended in diethylpyrocarbonate (DEPC)-treated water and 
subjected to ethanol precipitation. RNA was quantified spectro- 
photometrically by determining absorbance at 260 nm. RNA 
samples (20-30 btg/lane) were subjected to electrophoresis in de- 
naturing 1% formaldehyde-agarose gels and transferred to nylon 
membranes (MSI, MA) overnight in 20 x sodium saline citrate 
(SSC) (3 M NaC1, 0.3 M sodium citrate, pH 7.0). RNA was fixed 
to the membrane by ultraviolet cross-linking (Stratagene, La Jolla, 
CA). Blots were prehybridized for at least 6 h at 42°C in 50% 
formamide, 6x SSC, 0.1% sodium dodecyt sulfate (SDS), 
5 x Denhardt's solution (0.1% bovine serum albumin, Ficoll, and 
polyvinyl pyrolidine), and 250 mg denatured, sonicated herring 
sperm DNA. Blots were hybridized at 42°C for 1654 h using 
random-primed (Boehringer-Manheim), 3ap-labeled ICAM-1 
cDNA at a final concentration of 1.0 x 106 dpm/ml. Blots were 
washed for 20 min at room temperature in 1 x SSC, 0.2% SDS, 
followed by a second 20-min wash at 65°C in 1 x SSC, 0.2% SDS 
and a final wash with 0.1 x SSC, 0.2% SDS at 65°C. The blots were 
exposed to Kodak XAR-5 film at -70°C using an intensifying 
screen for 2448 h. In order to normalize mRNA content, blots 
were stripped and reprobed with a human [3-actin oligoprobe 
(40 bp, synthesized by the Department of Molecular Biology, 
Cleveland Clinic Foundation). 

Time course of ICAM-1 mRNA induction 

In order to directly investigate the kinetics of ICAM-1 
mRNA induction by IFN7 (500 u/ml), TNFe~ (500 u/ml), and PMA 
(10 ng/ml), total RNA was extracted at various time points from 
RCC cells or NKPT cells incubated with IFNT, TNF~, or PMA, 
and subjected to Northern analysis using a 1.8-kb ICAM-1 cDNA 
probe. ICAM-1 mRNA was quantified by densitometry of auto- 
radiograms and normalized to 13-actin mRNA content. 

ICAM-1 mRNA stability assay 

In order to investigate the ICAM-1 mRNA stability, RCC cells 
were treated with TNF~ (500 u/ml for 4 h), IFNy (500 u/ml for 
4 h), or PMA (10 ng/ml for 4 h) and subsequently actinomycin D 
(Sigma, 10 gg/ml in DMSO) was added to inhibit all new tran- 
scription. The decay of ICAM-1 mRNA was examined up to 24 h. 

more than double (Fig. lb). The intensity of  expression 
on RC-2 also increased with T N F ~  or I F N y  stimulation 
(Fig. ld). Treatment  with rIL-l[3, rIL-2, rIL-3, rIL-4, 
rIL-5, and rIL-6 did not upregulate ICAM-1 protein 
expression in either RC-1 or RC-2. Of  all the activators 
that induce ICAM-1 expression, I F N a  was the least 
effective while the largest inductions were caused by 
TNFcz, IFNy,  and PMA. 

Time course of  ICAM-1 m R N A  induction 

In order to investigate the kinetics of  ICAM-1 message 
induction by TNFct, IFNy,  and PMA, total R N A  was 
extracted f rom RCC cells and N K P T  cells, and North-  
ern analysis was performed. ICAM-1 m R N A  was de- 
tected in RC-1 cells and N K P T  cells under unstimulated 
conditions (Fig. 2A, lane 0, Fig. 3, lane 0). After 2 h 
incubation with either T N F a  or IFNy,  ICAM-1 m R N A  
was upregulated in RCC cells, reached a plateau level at 
2 h and remained high for up to 24 h. Both RC-1 and 
RC-2 cells showed the same pat tern of  ICAM-1 m R N A  
kinetics. The representative time course of  Nor thern  blot 
of  RC-I  cells is shown in Fig. 2A, B. On the other hand, 
ICAM-1 m R N A  in N K P T  cells was upregulated after 
cytokine treatment,  and returned to almost basal levels 
within 24 h. In three individual experiments, ICAM-1 
m R N A  expression in TNF~- t rea ted  N K P T  cells reached 
a peak level after 2 h and returned to basal levels after 
24 h while ICAM-1 m R N A  induced by I F N y  or P M A  
treatment reached a peak level at 4 h and returned to 
almost basal levels in two of  three experiments. The 
representative time course-Northern blot of  N K P T  cells 
is shown in Fig. 3. 

ICAM-1 mRNA induction-blocking assay 

In order to investigate whether transcriptional upregulation 
contributes to the ICAM-1 mRNA upregulation, RCC cells 
were treated with TNFc~ (500 u/ml), IFN7 (500 u/ml), or PMA 
(I0 ng/ml) with or without simultaneous addition of actinomycin D 
(10 btg/ml). Total RNA was extracted 0, 2, and 4 h later and 
Northern analysis was performed. 

Results 

Various cell activators upregulate ICAM-1 
expression on RCC 

RC-1 and RC-2 cells constitutively expressed ICAM-1 
including 90% of RC-1 and 35% of  RC-2 (control, 
Fig. l a, b). While the percentage on RC-1 did not in- 
crease with cytokine treatment (Fig. la), the intensity or 
density of  expression did increase following stimulation 
with TNF~,  IFN% PMA, or I F N a  (Fig. lc). Upon  
stimulation with IFN~,  IFNy,  T N F a ,  or PMA, the 
percentage of  ICAM-1 expression on RC2 increased by 

ICAM-1 m R N A  stability assay 

Since ICAM-1 m R N A  was upregulated for a long time 
(up to 24 h, max imum time point), message stability was 
measured to determine the mechanism of  increased 
ICAM-1 m R N A  expression. RC-1 cells in which ICAM-1 
m R N A  was detected constitutively were treated with 
IFNy,  T N F a ,  or PMA, and actinomycin D (10 btg/ml) 
was added at 4 h to inhibit new transcription. After 
addition of  actinomycin D, the decay of ICAM-1 
m R N A  was examined up to 24 h (Fig. 4A, B). ICAM-1 
m R N A  from unstimulated RC-1 cells did not decay up 
to 24 h after actinomycin D treatment,  demonstrat ing 
that constitutively expressed ICAM-1 m R N A  was very 
stable. I C A M - I  m R N A  from IFNy,  TNF~,  or PMA- 
stimulated RC-1 cells also showed a very stable message 
(Fig. 4A, B). 

ICAM-1 m R N A  induction-blocking assay 

In order to investigate whether increased gene tran- 
scription contributes to the ICAM-1 m R N A  upregula- 
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Fig. l Flow cytometric analysis of ICAM-1 expression on RCC lines. 
RC-1 and RC-2 cells were treated with rlL-1[3 (500 u/ml), rlL-2 
(500 u/ml), rlL-3 (500 u/ml), rlL-4 (500 u/ml), rlL-5 (500 u/ml), rlL-6 
(500 u/ml), rIFN 7 (500 u/ml), IFN~ (500 u/ml), TNF¢~ (500 u/ml), 
and PMA (10 ng/ml). After 24 h, the cells were trypsinized, and 
ICAM-1 protein expression was analyzed by flow cytometry as 
described in "Materials and methods." Percentage expression of 
ICAM-1 was expressed as the percentage of ICAM-l-positive cells. 
Percentage intensity of ICAM-1 was expressed as the percentage of 
ICAM-1 expression on unstimulated RC-I or RC-2 cells. All values 
were the average of four individual experiments 

tion, RC-1 cells were treated with TNFa, IFN?, or PMA 
with or without simultaneous addition of actinomycin D 
(10 pgiml). Total RNA was extracted at 0, 2, and 4 h and 
Northern analysis was carried out. After cytokine or 
PMA treatment without actinomycin D, the level of 
ICAM-1 mRNA expression increased significantly. 
Under simultaneous actinomycin D treatment, no up- 
regulation was observed (Fig. 5). These findings suggest 
that increased transcription of ICAM-1 mRNA might be 
an important mechanism in the upregulation of ICAM-1 
mRNA during the early phase (2-3 h) of induction. 

Discussion 

Observations in several tumor systems suggest that 
ICAM-1 subserves two functions in tumor biology, in- 
cluding a role in enhancement of metastasis and in me- 
diating host defense mechanisms such as lymphocyte- 
mediated tumor cytotoxicity [2, 20, 22, 23, 31, 33, 41, 
43]. We have previously demonstrated that most pri- 
mary human RCC express high levels of ICAM-1 while 
corresponding normal kidney proximal tubular cells do 
not, and that ICAM-1 expression by RCC mediates 
important biological and immunological functions [41]. 
The present study examines the molecular regulation of 
ICAM-1 expression by RCC and NKPT cells. Treat- 
ment of RCC with various cytokines or protein kinase C 
activator PMA revealed that IFN~, IFN?, TNF~, and 
PMA could upregulate ICAM-1 protein expression on 
RCC cell lines (Fig. 1). Conversely, IL-I[3, IL-2, IL-3, 
IL-4, IL-5, and IL-6 did not upregulate ICAM-1 ex- 
pression. These observations parallel findings of other 
reports that demonstrate that IFN% TNF0¢, PMA, and 
lipopolysaccharide (LPS) can augment ICAM-1 ex- 
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Fig. 2a, b Time course of ICAM-1 mRNA induction of RC-1 
by IFNy, TNF~x, and PMA. RC-1 cells were treated with IFN 7 
(500 u/ml), INFa (500 u/ml), or PMA (10 ng/ml) for the time 
indicated, a Total RNA was extracted from each sample, and 20 gg 
RNA per lane was loaded for Northern analysis as described in 
"Materials and methods." b ICAM-1 mRNA was quantified by 
densitometry of autoradiograms and normalized to 13-actin mRNA 
content 

pression on various kinds of  cells including human 
umbilical vein endothelial cell (HUVEC) [15, 45], fi- 
broblasts [4, 34], and many kinds of  carcinomas [6, 9, 14, 
20, 25, 30]. Contrary to reports that IL-I[3 can upregu- 
late ICAM-1 expression on fibroblasts [4, 34], HUVEC 
[15, 45], and some epithelial tumors [6, 21, 25, 34, 47], we 

Fig. 3 Time course of ICAM-1 mRNA induction of NKPT cells 
by IFNT, TNF~, and PMA. NKPT cells were treated with IFNy 
(500 u/ml), TNF~ (500 u/ml), or PMA (10 ng/ml) for the thne 
indicated. Total RNA was extracted from each sample, and 20 gg of 
RNA per lane was loaded for Northern analysis as described in 
"Materials and methods" 

observed no effect of  this cytokine on ICAM-1 expres- 
sion in our RCC cell lines. A recent report  suggests that 
RCC cells may produce an IL-1 receptor antagonist as 
seen in keratinocytes and the lack of response to IL-lJ3 
may be explained by the occupation of  the IL-1 receptor 
by an autologously produced antagonist [3]. 

Following these observations, we performed time 
course studies in order to directly investigate the kinetics 
of ICAM-1 message induction by cytokine stimulators. 
We observed a rapid increase in ICAM-1 m R N A  ex- 
pression after stimulation by cytokines and PMA, with 
continued high levels of  expression 24 h after stimula- 
tion (Fig. 2). In contrast, ICAM-1 m R N A  in N K P T  
cells was upregulated after cytokine treatment, peaked 
between 2 and 4 h, and returned to basal levels within 
24 h (Fig. 3). The kinetics of  ICAM-1 m R N A  induction 
in N K P T  appears to parallel that reported in other 
model systems. Wertheimer et al. [45] reported 
that ICAM-1 m RN A  in HUVEC reached peak levels by 
2-4 h after PMA or TNF~ stimulation, and normalized 
by 24 h. Gerritsen et al. [15] reported that after com- 
bined treatment with TNF~ and IFNy, ICAM-1 m R N A  
was observed as early as 2 h, attained maximal levels 
between 4 and 8 h, and declined by 24 h in both HU- 
VEC and human synovial microvascular endothelial 
cells [15]. These observations demonstrate that RCCs 
are more sensitive to cytokine-induced ICAM-1 m R N A  
transcription and may be deficient in the normal 
downregulatory mechanisms which control ICAM-1 
message expression in normal cells. This regulatory 
dysfunction may in part  account for the high expression 
of  ICAM-1 seen in RCC compared with N K P T  [41]. 
Other tumors appear to regulate ICAM-1 transcription 
normally. Kuppner  et al. [25] reported peak ICAM-1 
expression by glioblastoma in response to TN F ~  and IL- 
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113 at 4 h after cytokine treatment, with return to base- 
line at 24 h [25]. 

Next we examined the details of molecular regula- 
tion of ICAM-1 mRNA in RCC. No upregulation of 
ICAM-1 mRNA was noted when RCC cells were stim- 
ulated by cytokines or PMA simultaneously with acti- 
nomycin D (Fig. 5). This finding suggests that 
transcriptional upregulation might be crucial in the early 
phase of ICAM-1 mRNA induction (within 2-3 h after 
stimulation). These findings seem to be consistent with 
other observations that transcriptional upregulation is 
important for cytokine-stimulated induction of ICAM- 1 
message [45, 47]. In the stability assays (Fig. 4) we found 
that ICAM-1 message was stable for a relatively long 
time period despite the fact that new transcription was 
blocked by actinomycin D at 4 h after stimulation. 
These findings suggest that transcriptional upregulation 
may not be essential after 4 h of cytokine stimulation. 
Furthermore, ICAM-1 mRNA was found to be ex- 
tremely stable when compared with other cells such as 
HUVEC [15, 45]. Wertheimer et al. [45] reported that 
ICAM-1 mRNA in HUVEC was stable after treatment 
with PMA, but not with TNF~. Since the gene exhibits 
sufficient basal transcriptional activity to support low- 
level ICAM-1 protein biosynthesis in unstimulated 
HUVEC [29], and constitutively expressed message is 
undetectable by Northern analysis, they speculated that 
ICAM-1 mRNA is probably unstable in HUVEC [45]. 
In contrast, we observed constitutive ICAM-1 mRNA 
expression in RCC even under nonstimulatory condi- 
tions, and that ICAM-1 mRNA was stable up to 24 h 
after the blockage of new transcription by actinomycin 
D (Fig. 4). These results clearly show that ICAM-1 

b 1ooo 

e 

< I00 
Z 

10 
0 

No Treatment 

A IFNy 

" TNFa 

A P M A  

' 'o 10 2 30 

Time (hour) 
Fig. 4a, b ICAM-1 mRNA stability assay in RC-1. a RC-1 cells were 
treated with or without IFN 7 (500 u/ml for 4 h), TNFe~ (500 u/ml for 
4 h), and PMA (10 ng/ml for 4 h). At time zero (after 4 h cytokine 
treatment), actinomycin D (10 pg/ml) was added to block all new 
mRNA synthesis, and the cells were incubated for the times indicated. 
Total RNA was then extracted from each sample, and 20 btg/lane was 
loaded for Northern analysis as described in "Materials and 
methods." b ICAM-1 mRNA was quantified by densitometry of 
autoradiograms and normalized to [3-actin mRNA content. The 
values were expressed as the percentage ofICAM-1 mRNA present at 
time zero 

mRNA in RCC is stable even in unstimulated cells, and 
that after cytokine or PMA stimulation upregulated 
mRNA was accumulated by its stability. This regulation 
in RCC seems to be different from that observed in 
HUVEC, as Wertheimer et al. [45] concluded that PMA 
itself caused the stabilization of ICAM-1 mRNA [45]. 

Although ICAM-1 mRNA in RCC is much more 
stable when compared with normal tissue such as HU- 
VEC [15, 45] and NKPT cells, we do not have enough 
data to explain the mechanism by which this occurs. 
Several studies have demonstrated that the presence of 
AUUUA sequences in the 3'-untranslated region 
(3'UTR) of a variety of eukaryotic mRNAs correlates 
with rapid mRNA degradation [5, 10]. For example, 
deletion of AU-rich sequences from the e-fos 3'UTR 
confers stability upon transcripts produced from 
transfected constructs [5, 46]. Furthermore, introduction 
of a 51-nucleotide AU-rich sequence from the granulo- 
cyte-macrophage colony-stimulating factor (GM-CSF) 
YUTR of the rabbit [3-globin gene confers instability 
upon the otherwise stable [3-globin mRNA [36]. Boh- 
janen et al. [40] reported that cytoplasmic factor (AU-B), 
which binds to AU-rich sequences in 3'UTRs, prevents 
this rapid mRNA degradation [5]. ICAM-1 has two 
AUUUA motifs in the 3'UTR [40], and during the 
process of carcinogenesis malignant cells may obtain de 
novo mRNA-binding proteins which bind to AU-rich 
sequences in the 3'UTR and as a result prevent degra- 
dation of ICAM-1 mRNA. Although this speculation 
seems to be the most likely explanation for the long- 
lasting stabilization of ICAM-1 message in RCC, further 
investigation is necessary to fully understand this 
phenomenon. 
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Fig. 5 ICAM-1 mRNA induction blocking assay. RC-1 cells were 
treated with TNFa (500 u/ml), IFN7 (500 u/ml), or PMA (10 ng/ml) 
at time zero, and also actinomycin D (10 gg/ml) was added at time 
zero. After 2 h and 4 h incubation, total RNA was extracted from 
each sample. For control, after TNF~, IFNT, or PMA treatment, no 
actinomycin D was added and total RNA was extracted at time 0, 2, 
and 4 h. A quantity of 20 pg/lane of totN RNA was loaded for 
Northern analysis as described in "Materials and Methods." AD(+) 
actinomycin D was added at time zero, AD (-) no actinomycin D was 
added 

In  s u m m a r y ,  t r ansc r ip t i ona l  u p r e g u l a t i o n  o f  I C A M - 1  
m R N A  migh t  p l ay  an  i m p o r t a n t  role  in the ear ly  phase  
o f  i nduc t ion  (first 2 -3  h), and  s t ab i l i za t ion  o f  I C A M - 1  
m R N A  con t r ibu te s  to its p r o l o n g e d  u p r e g u l a t i o n  in the 
la ter  phase  (af ter  4 h) in R C C  cell lines. C o n t r a r y  to 
these f indings,  I C A M - 1  m R N A  express ion  in response  
to cy tok ines  p e a k e d  at  4 h and  r e tu rned  to base l ine  
levels a t  24 h in N K P T  cells. This  obse rva t i on  suggests  
tha t  rena l  cell c a r c inomas  exhibi t  a deficit  in the n o r m a l  
d o w n r e g u l a t o r y  mechan i sms  which  regula te  I C A M - 1  
message  levels. O u r  k inet ic  s tudies  suggest  tha t  bo th  
t r ansc r ip t iona l  up regu l a t i on  by  i n f l a m m a t o r y  cy tok ines  
f o u n d  in the t u m o r  bed  and  p r o l o n g e d  message  s tabi l i ty  
accoun t  for  this obse rva t ion .  F u r t h e r  s tudies will be 
d i rec ted  at  e luc ida t ing  the m e c h a n i s m  o f  message  sta-  
bi l i ty  in R C C  and  on fur ther  b io log ic  and  func t iona l  
i m m u n o l o g i c  effects due  to I C A M - 1  overexpress ion .  
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