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A B S T R A C T  

The mRNAs coding for three complement inhibitors produced by hu- 
man cells, complement cytolysis inhibitor (CLI), decay-accelerating factor 
(DAF), and CD59, are characteristically distributed among normal tis- 
sues. High levels of CLI mRNA are expressed in tissues that express low 
levels of DAF mRNA and vice versa. Therefore, the expression of these 
mRNAs shows a mutually exclusive relationship, with the possible excep- 
tion of the lung, where all these mRNAs are expressed. In contrast, CD59 
mRNA is rather uniformly expressed in all tumor cell lines examined, 
whereas the mRNA for either of the two other complement inhibitors is 
overexpressed in some specific tumor cells, e.g., HeLa cells overexpress 
DAF mRNA, while A172 cells overexpress CLI mRNA. These two cell lines 
were resistant to antibody-dependent complement cytotoxicity. Expression 
of CLI and DAF mRNA was induced in cells treated with the antitumor 
drug N-(chioroetyi)-N'-cyclohexyl-N.nitrosourea; these cells became resis- 
tant to complement cytotoxicity. A similar pattern of expression was de- 
tected in tumor samples obtained during surgery, with a relatively uni- 
form expression of CD59 mRNA and occasional overexpression of CLI or 
DAF mRNA. These findings suggest that overexpression of complement 
inhibitors mRNA and of the corresponding proteins may contribute to 
tumor cell resistance to complement-mediated cytotoxicity. 

I N T R O D U C T I O N  

One of the physiological roles of the complement system is the lysis 
of foreign cells, including virus-infected and tumor cells (1). This 
cytolytic process is activated by the interaction of - 2 0  plasma pro- 
teins in two pathways: the classical pathway that is triggered by 
antigen-antibody complexes and the alternative pathway that is trig- 
gered by foreign surfaces, including that of tumor cells (1). Activation 
by either pathway leads to the formation of a bimolecular complex, 
designated C3 convertase (2). The final steps in the binding of com- 
plement proteins to the cell membrane are common to both pathways 
and consist of the sequential assembly of the C5b, C6, C7, C8, and C9 
components into the membrane attack complex; this pore-forming 
MAC 3 inserts into the lipid bilayer of the plasma membrane and 
causes cell lysis (1). 

Complement components may interact with normal host cells, but 
MAC assembly is inhibited by membrane proteins that inhibit the 
activity of the complement system. DAF is an inhibitor that protects 
cells from damage by autologous complement proteins by dissociating 
C3 convertases or preventing their assembly (2). The sequence of 
DAF has been deduced from a cloned cDNA (3, 4). DAF is inserted 
into the outer leaflet of the phospholipid bilayer through a covalently 
linked glycophospholipid (5). Other membrane proteins that protect 
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cells from MAC are CD59 and HRF. Both proteins specifically inhibit 
the activation of complement component C9 from homologous serum 
and are bound to the membrane by a glycolipid anchor (see Ref. 6 for 
references). A CD59 eDNA has been recently cloned (7, 8); amplified 
expression of CD59 confers protection against human MAC (6). 

A soluble form of HRF has been isolated from cytoplasmic granules 
of cytotoxic lymphocytes (9). This HRF inhibits the cytolytic activity 
of the C9-related protein of human killer lymphocytes, and it may be 
involved in a mechanism of self-protection of these cells (9). A soluble 
complement inhibitor, CLI, is found in blood and seminal plasma (10). 
This protein is also known as serum protein 40-40, since it is pro- 
cessed into two 40-kDa disulfide-linked subunits (11). CLI suppresses 
the activity of C5b-C7 complement complexes (10). CLI shows ho- 
mology with SGP-2, which is secreted by rat Sertoli cells (12). SGP-2 
mRNA is also expressed in testis, brain and liver (12). A protein 
closely homologous to SGP-2 was designated testosterone-repressed 
prostate message-2 (TRPM-2) and found in many mammalian cells 
undergoing programmed cells death (13). 

Little is presently known about the production of complement in- 
hibitors by tumor cells as a defense against cytotoxic lymphocytes or 
ADCC. By using a combination of Northern blot and RT-PCR assays, 
we have compared the expression of mRNAs coding for DAF, CD59, 
and CLI in normal tissues with that in human tumor cells and solid 
tumors. In some cells and tumors, mRNAs for complement inhibitors 
are overexpressed; such cells are relatively resistant to ADCC. This 
finding suggests a possible role for proteins coded by these mRNAs in 
tumor resistance to complement-mediated cytolysis. 

M A T E R I A L S  A N D  M E T H O D S  

Cell Cultures and Tumors. Tumor cell lines were obtained from the Amer- 
ican Type Culture Collection and grown in Dulbecco's modified Eagle's 
medium with 7% horse serum. Human Alf foreskin fibroblasts were obtained 
from Dr. Albert Millis of our department and cultured in Eagle's medium with 
10% fetal calf serum. Tumor specimens removed during surgery were kindly 
provided by Dr. J. Bennett, Department of Pathology, Albany Medical College. 
Samples weighing -1  g were immediately frozen and kept in liquid N2. Blots 
containing poly(A +) RNA from different human tissues were purchased from 
Clontech Laboratories (Palo Alto, CA). 

RNA Extraction and Analysis. The RNA was extracted from tissue culture 
cells either with guanidinium hydrochloride (14) or with a simplified procedure 
(15). The RNA was extracted from solid tumors by the guanidinium method 
(14). RNA ( 10 pg) from each cell line was directly analyzed by electrophoresis 
on 1.2% formaldehyde-agarose gels, transferred to GeneScreen Plus mem- 
branes, and hybridized to 32p-labeled eDNA probes as previously described 
(16). The RNA from solid tumors was obtained in variable yield, from 
-75-500 pg/g of tissue; the poly(A § RNA was then isolated by oligo- 
(dT)cellulose chromatography, as described previously (17). The RNA was 
ethanol precipitated after addition of 5 tag of cartier tRNA and dissolved in an 
appropriate volume of formamide. An aliquot corresponding to 25 pg of total 
RNA was analyzed by electrophoresis as described above. RT-PCR was carried 
out as previously described (18) on 2 pg of total RNA. Briefly, the reverse 
transcription was carried out at 42~ for 1 h, and PCR was performed for 30 
cycles using JAo of the total eDNA (V2o for/3-actin) with 1 pM primers. These 
primers were designed from known sequences (GenBank) using OLIGO, a 
primer analysis software for optimal amplification (National Biosciences, 
Hamel, MN). All synthetic primers were 20-30 nucleotides long. The follow- 
ing forward and reverse primers were used (the size of the amplified fragment 
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is indicated in parentheses): CLI, (670) TGAACTTCCACGCCATGTTCCA- 
GCC and GCCCCCGTAAGGTGCAAAAGCAACAT; CD59, (456) ATGG- 
GGAATCCAAGGAGGGTCTGTCCTG and GAATGTGGCAGCAAGAGA- 
AAGCGGAC; DAF, (1085) GATGTACCTAATGCCCAGCCAGCTTTGGA 
and CTGTCAACGTGAAACACGTGTGCCCAGAT;/3-actin, (548) GTGGG- 
GCGCCCCAGGCACCA and CTCCTTAATGTCACGCACGATTTC. PCR 
was initially performed for 20, 30, and 40 cycles; however, 30 cycles of PCR 
was found to be optimal for most RNAs because the amplification was still in 
its exponential phase. RT-PCR samples (8 ~1 of each) were fractionated 
by 1.5% agarose gel electrophoresis and visualized with ethidium bromide. 
The gels were vacuum blotted onto GeneScreen membranes (New England 
Nuclear), which were hybridized to 32p-labeled specific probes, washed ac- 
cording to the protocol of the manufacturer, and exposed to Kodak XAR-5 
film. The radioactivity in each band was measured in a Betascope 603 
(Betagen, Waltham, MA). The values obtained were normalized to those of 
13-actin and expressed as cpm/cpm of actin x 1000. 

Assay for Antibody-dependent Complement Cytotoxicity. Cells were 
seeded (1.5 x 104/well of 96-well cluster plates) and grown for at least 6 h 
before ADCC assay. The cells were washed twice with serum-free medium for 
30 rain at 25~ before 200 pl/ml of rabbit anti-human HLA-A,B,C antibody 
(Cedarlane Laboratories, Hornby, Ontario) in 50 ~tl of serum-free medium were 
added. Normal human serum was then added in 50 ~tl of medium to a final 
concentration of 20%. The cells were further incubated for 45 min at 37~ and 
the supernatant was removed. ADCC was determined by measuring LDH 
activity released in the supernatant with a colorimetric LDH assay kit (Sigma 
Diagnostics) according to the protocol of the manufacturer. Values shown are 
mean Berger-Broida units of LDH released by each sample minus background 
LDH activity measured in control cells treated with antibody alone and in 
human serum (-250 units). Each experiment was repeated at least three times, 
and the average values of duplicate determinations are shown. 

Treatment with Antitumor Drugs. Cells were seeded in cluster plates and 
treated for 18 h with different concentrations of CCNU, daunomycin, or 
methotrexate. The percentage of surviving cells were measured relative to 
untreated control cultures by staining the plates, as previously described (! 9). 

RESULTS 
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Fig. 1. Expression of complement inhibitor mRNAs in different human tissues. Each 
lane was loaded with 2 lag of poly(A § RNA from heart (lane 1), brain (lane 2), placenta 
(lane 3), lung (lane 4), liver (lane 5), skeletal muscle (lane 6), kidney (lane 7), and 
pancreas (lane 8). Northern blot analysis was carried out with the cDNA probes indicated 
(on the left). 

Expression of Complement Inhibitors mRNAs in Normal Tis- 
sues. RNA from normal tissues was first analyzed to determine the 

presence and relative abundance of CLI, CD59, and DAF mRNA. The 
poly(A +) RNA from eight human tissues was analyzed by Northern 
blot hybridization (Fig. 1). A single RNA hybridized with the CLI 
probe with a characteristic tissue distribution. The CLI mRNA was 

most abundant in brain and liver, moderately abundant in lung and 
heart, detectable in kidney and pancreas, but undetectable in placenta 
and skeletal muscle. However, the RNA hybridizing with the CLI 
probe in the kidney and pancreas sample migrated slightly faster than 
that from other tissues. The distribution of CLI mRNA was similar to 
that reported for rat SGP-2 (12) and for a porcine CLI homologue 
(20). 

The CD59 probe hybridized to three distinct bands that showed a 
tissue distribution different from that of CLI mRNA (Fig. 1). These 

bands corresponded to the four species of CD59 mRNA of 0.6, 1.2, 
1.9 and 2.2 kilobases previously reported (7); the 1.9- and 2.2-kilobase 
mRNA presumably comigrated in the blot shown in Fig. 1. Since 
CD59 is apparently coded by a single gene (7), these mRNA species 
are formed by alternative splicing and/or polyadenylation. The CD59 
mRNA was most abundant in tissues in which CLI mRNA was either 
not present or was moderately abundant. The lowest levels of CD59 
mRNA were found in brain and liver, where CLI mRNA was most 
abundant, and in pancreas. Moreover, the 1.9- to 2.2-kilobase CD59 

mRNA was the most abundant in all tissues except the placenta, where 
the 0.6-kilobase CD59 mRNA was most abundant. 

The DAF probe hybridized to two RNAs that showed a tissue 
distribution similar to that of CD59 mRNA (Fig. 1). Two species of 
DAF mRNA of 1.5 and 2.2 kilobases were previously described (3, 4); 

these mRNAs are products of alternative splicing (4), since DAF is 
coded for by a single gene (21). There was little DAF mRNA in brain 
and liver, but the 2.2-kilobase mRNA was expressed in all other 
tissues except kidney and pancreas. The 1.5-kilobase DAF mRNA was 

present in large amounts in the placenta and lung only. 
The poly(A § RNA was also hybridized to a/3-actin probe to show 

that comparable amounts of RNA were applied to each track. The 
actin probe hybridized to a similar extent to RNA from all tissues 
except pancreas; however, in heart and skeletal muscle RNA, the actin 
probe hybridized to a faster band, presumably muscle actin mRNA 
(Fig. 1). The pattern of hybridization to cDNA probes of complement 
inhibitors showed a striking feature: tissues overexpressing CLI 
mRNA contained little or no CD59 and DAF mRNA. Tissues express- 
ing CD59 and DAF mRNA conversely either did not express CLI 

mRNA or expressed low levels of this mRNA. The only exception 
appeared to be the lung, where DAF mRNA was overexpressed, but 
CD59 and CLI mRNAs were also relatively abundant (Fig. 1). 

Expression of Complement Inhibitors mRNAs in Human Cell 
Lines and Tumors. The relative abundance of CLI mRNA was ex- 
amined in 10 tumor cell lines by Northern blot analysis of 10 Iag of 
total cellular RNA (Fig. 2). CLI mRNA was present at high levels in 

A172 glioblastoma cells, to a less extent in HeLa and BT20 breast 
tumor cells, and at barely detectable levels in lung A549 adenocarci- 
noma and HOS osteosarcoma cells. The blot was also probed for 
GAPDH mRNA to examine the relative loading of cellular RNA. 
However, HT29 and RT4 cells showed low levels of GAPDH mRNA. 
The blots were also examined for RNA loading by ethidium bromide 
staining, and comparable amounts of rRNA were detected in each 
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Fig. 2. Expression of CLI mRNA in different cell lines. Total RNA (10 lag) was loaded 
in each lane. Northern blot analysis was carried out with the cDNA probes for CLI and 
GAPDH. 
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overexpressed in the same lung tumor that showed high levels of CLI 

mRNA and in the other lung tumor that showed low levels of CD59 

and no CLI mRNA (Fig. 5). Therefore, the solid tumors showed a 

pattern of expression of  these mRNAs similar to that of  tumor cell 

lines, with a rather uniform expression of  CD59 mRNA and occa- 

sional high expression of CLI and/or DAF mRNA. The radioactivity 

measured in RT-PCR bands of  Figs. 4 and 5 was normalized to that of 

actin (Table 1). 

Correlation between Expression of  CLI or DAF m R N A  and 

Resistance to ADCC.  To establish whether overexpression of  com- 

plement inhibitors m R N A  resulted in resistance to ADCC, a repre- 

sentative sample of  tumor cells was treated with anti-human HLA- 

A,B,C and normal human serum as a source of  complement .  

Cytotoxicity was measured by the release of  LDH from the cells. 

A172 cells were completely resistant to ADCC, while HeLa cells were 

quite resistant (Fig. 6). These cells showed the highest expression of  

CLI and DAF mRNA,  respectively (Table 1). HOS and HT-1080 cells 

were sensitive to ADCC (Fig. 6) and showed modest  expression of 

CLI and DAF mRNA (Table 1). These results suggested that the 

overexpression of  either CLI or DAF m R N A  resulted in resistance to 

ADCC, However, the sensitivity of different cells to ADCC was 

influenced by a variety of  factors that could not be taken into account 

GAPOH ~ 

Fig. 3. Expression of CL1 mRNA in different human tumors. Approximately 1 pg of 
poly(A § RNA was loaded in each lane. Northern blot analysis was carried out as 
described in Fig. 2. The tumors examined are squamous lung carcinomas I and II (lanes 
a and b, respectively), lung adenocarcinomas I and II (lanes c and d), chondrosarcoma 
(lane e), mesothelioma (lane f), and colon carcinoma (lane g). 

track (data not shown). These results indicate that CLI m R N A  is 

overexpressed only in a few tumor cell lines. 

The relative abundance of  CLI mRNA was next examined in poly- 

(A § RNA obtained from solid tumors removed during surgery. CLI 

m R N A  was overexpressed in a chondrosarcoma and in a lung tumor 
but barely detectable in other tumors (Fig. 3). The blot was also 

probed for GAPDH mRNA,  which was rather unevenly distributed 

among different tumors, suggesting that the recovery of  poly(A § 

RNA from different tumors was uneven. 

To examine the distribution of  CD59 and DAF mRNA,  we used 

RT-PCR followed by blotting and hybridization to specific probes 
rather than Northern blot analysis. The advantages of  RT-PCR were 

the great sensitivity of  this assay and the detection of  multiple RNA 
species in a single band, obtained by an appropriate choice of  primers 

for common  sequences in the coding region of  the corresponding 

mRNAs.  The measurement  of  the relative abundance of  related RNA 
species was thus made easier by this RT-PCR assay. CD59 m R N A  was 

present in all cell lines examined at comparable levels (Fig. 4). In 

contrast, DAF m R N A  was abundant only in HeLa and SK-MeI-109 

cells but detectable in A549, A375, and HT-1080 cells. 
The total RNA of  solid tumors was also analyzed by RT-PCR 

(Fig. 5). To establish that RT-PCR gave results comparable to those 

obtained by Northern blot hybridization, we repeated the analysis of  
CLI mRNA by RT-PCR. The CLI mRNA was detected in the same 

two tumors by both techniques (Figs. 3 and 5) and was also detected 
in a squamous cell carcinoma of  the head and neck not previously 
examined by Northern blot analysis. The CD59 mRNA was present at 

comparable levels in all the tumors, except for a lung tumor that 
showed low levels of  this mRNA. In contrast, DAF mRNA was 

C D - 5 9  

>->+//Z+,;>pp<i 

A c t i n  i - .  ~ ~ - -  - ~ ~ i 

Fig. 4. Expression of mRNAs for the CD59 and DAF complement inhibitors in human 
cell lines. The RNA from cell lines shown in Fig. 2, from melanoma SK- Mel-109, and 
foreskin fibroblasts Alf cells was analyzed by RT-PCR. Amplified DNA samples were 
fractionated by electrophoresis, blotted, and probed with the cDNAs indicated (on the 
left). 

a b c d e f g h 
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Fig. 5. Expression of complement inhibitor mRNAs in different tumors. DNA samples 

obtained by RT-PCR were fractionated by gel electrophoresis, blotted, and probed with the 
cDNAs indicated (on the left). The tumors were squamous cell carcinoma of head and 
neck (lane a), chondrosarcoma (lane b), colon carcinoma (lane c), squamous lung 
carcinomas I and II (lanes d and g, respectively), mesothelioma (lane e), and lung 
adenocarcinomas I and II (lanesf and h, respectively). 
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Table 1 Expression of complement inhibitor mRNAs in human tumor cells and tumors 

The data shown were calculated from the measurement of radioactivity in RT-PCR 
bands, as described in "Materials and Methods" (cpm/cpm of actin • 1000). 

Cells or tumors CLI CD59 DAF 

SK-Mel- 109 (melanoma) 10 995 377 
A 172 (glioblastoma) 399 3010 54 
A375 (melanoma) 17 1995 178 
A549 (lung adenocarcinoma) 15 1230 194 
Alf (foreskin fibroblasts) 17 1280 41 
HeLa (cervix carcinoma) 82 1580 823 
HT29 (colon carcinoma) 17 1930 130 
Me 180 (cervix carcinoma) 11 1805 45 
RT4 (bladder papilloma) 16 2240 68 
BT20 (breast carcinoma) 73 1380 155 
HOS (osteosarcoma) 72 990 53 
HT 1080 (fibrosarcoma) 17 1530 181 
Carcinoma of head and neck 302 703 6 
Chondrosarcoma 726 912 ! 23 
Colon carcinoma 17 754 5 
Squamous lung carcinoma I 32 634 0 
Squamous lung carcinoma II 884 834 772 
Mesothelioma 32 731 6 
Lung adenocarcinoma I 117 788 9 
Lung adenocarcimoma II 32 474 392 

concentrations > 10 Mg/ml, but no change in the level of CLI mRNA 
was observed by Northern blot analysis in HOS cells treated with 
30 Mg/ml of daunomycin or 10 Mg/ml of methotrexate (data not 
shown). HOS cells were quite sensitive to the cytotoxic activity of 
30-100 pg/ml of CCNU, but 85% of the cells survived a treatment 
with 10 pg/ml of CCNU (Fig. 7). CLI mRNA was induced in these 
cells after 14 h of treatment with CCNU (Fig. 8). The level of CD59 
mRNA remained constant throughout this treatment, whereas DAF 
mRNA was induced at the same time as CLI mRNA. This indicated 
that the mRNAs for two different complement inhibitors were simul- 
taneously induced by a specific antitumor drug but not in response to 
the cytotoxic activity of other drugs. 

The resistance of HOS cells to ADCC increased when CLI mRNA 
and DAF mRNA were overexpressed, while control cells remained 
sensitive to ADCC (Fig. 9). Partial resistance to ADCC was observed 
after 18 h of treatment with CCNU, but after 24 h the CCNU-treated 
HOS cells were completely protected from ADCC. These results 
suggested that resistance to ADCC was directly correlated with the 
expression of CLI and DAF mRNA. 
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Fig. 6. ADCC of anti-HLA-A,B,C and human complement on selected tumor cells. 
ADCC was assayed by measuring LDH activity released from the cells as described in 
"Materials and Methods." The values shown are averages of duplicated assays. B-B unit, 
Berger-Broida unit. 

in the experiment shown in Fig. 6. As an example, the relative abun- 
dance of HLA antigens and the ability of nucleated cells to repair 
complement damage could be relevant in determining their relative 
sensitivity to ADCC. 

Protection from ADCC would be more clearly demonstrated in a 
cell line in which the expression of-CLI or DAF mRNA could be 
modulated by a specific treatment. Human CLI mRNA is homologous 
to rat TRPM-2 mRNA, and their translation products may have a 
similar function. TRPM-2 mRNA is induced during tissue damage 
initiated by different treatments, e.g., prostate regression after castra- 
tion, renal atrophy after ureteral obstruction, and chemotherapeutic 
regression of a tumor (13). This finding led to the suggestion that 
TRPM-2 induction provides an indication of programed death 
(apoptosis) in different cells (13). 

Thus, it was of interest to examine the expression of CLI in cells 
treated with antitumor drugs such as daunomycin, methotrexate, or the 
nitrosourea CCNU. We initially examined the sensitivity to these 
drugs of osteosarcoma HOS cells, a cell line with low levels of DAF 
mRNA,. These cells were growth inhibited by antitumor drugs at 
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Fig. 7. Dose response of HOS cells to CCNU cytotoxicity. The cells were treated for 
18 h with the CCNU concentration indicated (abscissa), and the percentage of surviving 
cells was measured relative to untreated control cells. 
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Fig. 8. Induction of the mRNAs for CLI and DAF by CCNU. HOS cells were treated 
for the indicated time with 10 pg/ml of CCNU. Cell aliquots were taken for RNA 
extraction and RT-PCR analysis. The cDNA probes used are indicated (on the left). 
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Fig. 9. ADCC in CCNU-treated and control HOS cells. The cells were seeded in 
96-well plates and treated with 10 lag/ml of CCNU. At the end of the treatment, ADCC was 
assayed by measuring LDH activity released from the cells as described in "Materials and 
Methods." The values shown are averages of duplicate assays. B-B unit, Berger-Broida 
unit. 

DISCUSSION 

The mRNAs of the complement inhibitors examined show a char- 
acteristic distribution in human tissues. CLI mRNA is most abundant 
in those tissues that show low expression of CD59 and DAF mRNA, 
such as brain and liver (Fig. 1). Conversely, CLI mRNA is absent in 
tissues that express high levels of CD59 and DAF, such as placenta 
and skeletal muscle. This finding suggests a mutually exclusive rela- 
tionship between the expression of CLI and that of CD59 or DAF. 
One possible explanation for the characteristic distribution of these 
mRNAs is that protection from complement-mediated cell damage 
may be obtained by expressing either CLI or CD59 and DAE The 
only exception is apparently the lung, where high levels of DAF 
and CD59 mRNA are expressed, but CLI mRNA is also relatively 
abundant. 

The present studies were limited to an analysis of mRNA levels, 
and the results obtained could not be immediately extrapolated to the 
expression of the corresponding proteins. However, it was previously 
reported that the relative levels of DAF mRNA in three cell lines 
correlated well with the level of DAF protein detected by radioim- 
munometric assays (3). Similar correlations between the levels of CLI 
or CD59 mRNA and the relative expression of the corresponding 
proteins have not yet been established, but it is likely that the pro- 
duction of these proteins reflects the relative level of expression of 
their mRNAs. 

The distribution of mRNAs for complement inhibitors in tumor cell 
lines is somewhat different from that in normal tissues. All cell lines 
express CD59 mRNA, but only a few cells overexpress either CLI or 
DAF mRNA (Table 1). HeLa cells show the highest expression of 
DAF mRNA (8-fold the average of other tumor cells), and SK-Mel- 
109 cells also express high levels of DAF mRNA. In contrast, A172 
cells show the highest expression of CLI mRNA (12-fold the average 
of all other tumor cells). The overexpression of mRNA coding for 
these complement inhibitors may lead to production of the corre- 
sponding proteins and results in protection from ADCC (Fig. 6). The 
high expression of DAF mRNA in HeLa cells may reflect the highly 
malignant phenotype of these cells and may have facilitated their 
growth in tissue culture. However, the overexpression of CLI mRNA 
in A172 glioblastoma cells may simply reflect the pattern of CLI 
production in the tissue of origin of this tumor. In agreement with this 
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hypothesis, high expression of CLI mRNA was recently reported in 10 
human gliomas and in established glioma cell lines (22). 

We do not know whether CLI or DAF mRNA levels in established 
cell lines reflect their relative expression in tumors from which the cell 
lines were established. For this reason, the expression of complement 
inhibitors mRNA was examined in solid tumors. CLI mRNA was 
overexpressed in a squamous carcinoma of the head and neck, in a 
lung squamous carcinoma, and in a chondrosarcoma but not in three 
other lung carcinomas examined (Table 1). Therefore, CLI is specif- 
ically expressed only in some tumors. DAF mRNA is also expressed 
in the same lung squamous carcinoma and in a lung adenocarcinoma 
but not in other tumors. In contrast, CD59 mRNA is expressed in all 
tumors examined. 

It is tempting to speculate that the expression of mRNAs coding for 
complement inhibitors may provide some advantage for tumor cells as 
a defense against ADCC or cytotoxic lymphocytes. Support for this 
hypothesis is provided by the resistance to ADCC of specific tumor 
cells constitutively overexpressing CLI or DAF mRNA and in cells 
induced to express these mRNAs by CCNU. The present studies 
represent novel investigations of the expression of genes coding for 
complement inhibitors in tumor cells. Whether such proteins provide 
an effective defense from host attack against tumor cells remains to be 
established. 

A report that a rat CLI homologue, the TRPM-2 gene, is induced 
during the regression of a tumor in animals treated with CCNU (13) 
led us to investigate the expression of mRNAs for complement in- 
hibitors in tumor cells treated with chemotherapeutic drugs. We con- 
firmed that CLI mRNA is induced in tumor cells treated for 14-18 h 
with CCNU and discovered that DAF mRNA is simultaneously in- 
duced (Fig. 7). Therefore, mRNAs for two different complement 
inhibitors are induced by CCNU administration. However, these mR- 
NAs are not induced in cells treated with other chemotherapeutic 
drugs, such as methotrexate and daunomycin. This finding may be 
possibly explained by the different mechanism of action of these 
drugs. In particular, nitrosourea antitumor drugs, such as CCNU, 
promote synthesis of a subset of heat-shock or stress-induced proteins 
in tumor cells (23). This induction appears to be triggered by the 
carbamoylation of proteins and nucleic acids (23). The synthesis of a 
CLI homologue is also increased 10-fold in brains of hamsters with 
scrapie (24) and 2-fold in the hippocampus of humans with Alzhe- 
imer's disease (25). These findings suggest that CLI synthesis may be 
induced in different pathological states in response to cell damage. 
Future experiments will be directed at further understanding the role 
of CLI and DAF overexpression in tumor cells. 
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