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Human lung cancer cell lines express cell membrane complement inhibitory proteins
and are extremely resistant to complement-mediated lysis; a comparison with normal
human respiratory epithelium in vitro, and an insight into mechanism(s) of resistance
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SUMMARY

Human lung cancer expresses cell membrane complement inhibitory proteins (CIP). We investigated
whether human lung cancer cell lines also express cell-membrane CIP molecules and whether the
biology of CIP molecules in these cell lines differs from that of CIP in normal human respiratory
epithelium in culture. The cell lines ChaGo K-1 and NCI-H596 were compared with normal human nasal
epithelium in primary cultures in respect to the level of cell membrane CIP expression of membrane
cofactor protein (MCP; CD46), decay-accelerating factor (DAF; CD55) and CD59, in respect to the
level of cell resistance to complement-mediated lysis, and in respect to the contribution of cell
membrane CIP to cell resistance against complement-mediated lysis. We found, using flow cytometry,
that both human lung cancer cell lines expressed MCP, DAF and CD59, as did normal nasal epithelial
cells. However, normal cells showed a large subpopulation of low DAF-expressing cells (60% of all
cells) and a smaller subpopulation of high DAF-expressing cells (40%), while the lung cancer cell lines
showed only one cell population, of high DAF expression. In addition, both lung cancer cell lines
expressed higher MCP levels, and NCI-H596 cells showed higher levels of CD59. Cell resistance to
complement-mediated lysis of both lung cancer cell lines was much higher than that of normal cells.
Fifty percent normal human serum, under the same concentrations of complement activators, induced
lysis of less than a mean of 10% of lung cancer cells, while lysing up to a mean of 50% of nasal epithelial
cells. Lung cancer cell resistance to complement was due to its ability to prevent significant activation of
complement upon its cell membrane, as manifested by a failure of complement activators to increase
cell membrane deposition of C3-related fragments. The exact mechanism for this resistance remains
obscure. Unexpectedly, neutralizing antibodies, anti-MCP and anti-DAF were entirely ineffective and
anti-CD59 was only slightly effective (18% mean cell lysis) in increasing the susceptibility of the lung
cancer cell lines to complement, while the same antibodies were very effective in facilitating complement-
mediated lysis of the normal nasal epithelial cells (50% mean cell lysis with CD59 MoAb). On the other
hand, detachment of DAF and CD59 by phosphatidylinositol-specific phospholipase C (PIPLC) from the
lung cancer cell lines abrogated their resistance to lysis. We suggest that the biology of cell membrane CIP
molecules in human lung cancer cell lines is different from that of CIP in normal respiratory epithelial cells.
Human lung cancer cell lines are able to prevent significant complement activation upon its cell membrane
and are therefore especially resistant to complement-mediated lysis. Complement resistance may serve this
common and highly lethal human cancer as an escape mechanism from the body’s immunosurveillance and
prevent effective immunotherapy with tumour-specific MoAbs.

Keywords CD46 CD55 CD59 complement inactivators nasal epithelium lung cancer cell
lines phosphatidylinositol-specific phospholipase C

INTRODUCTION

Correspondence: Shabtai Varsano MD, Department of PulmonanfNOrmal human cells are usually protected from being lysed
Medicine, Sapir Medical Centre, Meir General Hospital, Kfar Sava by homologous serum complement due to cell-membrane
44281, Israel. complement inhibitory proteins (CIP) [1,2].
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These cell membrane CIP molecules act at different levels ofnagnesium-free Krebs—Henseleit solution, were all purchased
the complement cascade and limit the activation of complemenfrom Sigma Chemical Co. (St Louis, MO). DME (4-59 glucose/
upon the cell membrane, which otherwise could result in formation), Ham’s F12,.-glutamine, Eagle’s minimum essential medium
of complement terminal membrane attack complexes that mediattVEM) containing non-essential amino acids, RPMI medium, fetal
cell lysis. calf serum (FCS) and trypsin-EDTA solution were all purchased

Recently we reported several new observations regardindgrom Biological Industries (Beit-Haemek, Israel). Fetal bovine
the human respiratory tract and cell membrane regulation oferum (FBS) was purchased frome& BRL, Life Technologies
complement. We reported that cell membrane CIP are expressd@aisley, UK).
in respiratory epithelial cells along the entire human respiratory
tract, in health and in disease, and that expression increases duriftpman lung cancer cell lines
inflammation and in lung cancer [3]. These cell membrane CIP ardduman lung cancer non-small cell (bronchogenic carcinoma) cell
membrane cofactor protein (MCP; CD46), decay-acceleratindines were purchased from American Type Culture Collection
factor (DAF; CD55) and CD59. In addition, we reported that (ATCC; Rockville, MD). We studied cell lines ChaGo K-1
complement activation may occur upon nasal respiratory epitheliagf ATCC no. HTB 168, human undifferentiated bronchogenic
cellsin vivo [4], and that cell membrane CIP are essential for thecarcinoma) and NCI-H596 (ATCC no. HTB 178, human adeno-
protection of human nasal epithelial cells from complement-squamous bronchogenic carcinoma). Cells were grown in uncoated
mediated lysisin vitro [5]. However, we showed that when 25-cnf culture flasks (Nunc, Roskilde, Denmark), seeded at
complement activation surpasses the protective capacity of cel0x 10%/cn? for ChaGo K-1 and 28 10%/cn? for NCI-H596.
membrane CIP, normal nasal epithelial cells are lysed to a The culture medium was RPMI 1640 supplemented with
significant extent. 10% FBS and antibiotics (penicillin 100 U/ml, and streptomycin

If cancer cells could selectively be lysed by homologous100ug/ml). Medium was renewed every 3days. Cell cultures
complement [6], cancer growth and metastases would be hanreached confluency after 5—-7 days.
pered. Unfortunately, many types of cancer cells were shown to
express, similarly to normal cells, these cell membrane CIP andHuman nasal epithelium primary cell cultures
may therefore escape complement-mediated lysis [7,8], or evehluman normal nasal epithelial cells were isolated from freshly
lysis by natural killer (NK) cells [9]. resected inferior nasal turbines. Nasal turbines were resected

In the present study we investigate whether the biology of cellaccording to strict medical indications after a written informed
membrane CIP molecules in human lung cancer cell lines differconsent was given by the patient. Patients suffered from atopic
from that of CIP in normal human respiratory epithelium. We rhinitis or vasomotor rhinitis with persistent nasal obstruction. Cell
inquire first, whether cell membrane CIP are expressed in humaisolation and cell culturing were performed similarly to the way we
lung cancer cell lines, and if so, whether it differs from expressionpreviously described [3]. Briefly, nasal turbines were first washed
of CIP in normal respiratory epithelium in culture. Second, extensively and then incubated with a collagenase digesting solu-
whether cell resistance to complement-mediated lysis is differention for two periods, one of 60min and a second of 120 min.
in lung cancer cell lines with respect to normal cells, and if so, whatisolated cells were then seeded at a concentration of 105 cells/
is the mechanism(s) that is responsible for this difference incm? in 25-cnf culture flasks that were precoated with human
resistance. placental collagen type IV (25g/cn?). Cell cultures were incu-

To answer these questions we studied both human lung cancéated at 37C in a water-saturated atmosphere of 5%,Ci@ air.
cell lines (bronchogenic carcinoma) and normal, non-cancerFeeding medium was changed after 24 h and then every 48 h. It was
human nasal respiratory epithelial cells in culture. We firstcomposed of DME mixed with Ham's F12 in a ratio of 1:1 and
assessed expression of cell membrane CIP by flow cytometrycontained the following supplements: FCS (5%, v/v), non-essential
Then we evaluated cell resistance to complement-mediated lysis iamino acids in Eagle’s MEM (1%), penicillin 100 U/ml, strepto-
the presence and absence of complement activators, and also thg/cin 100ug/ml, fungizone 0-mg/ml, and gentamycin 50g/ml.
effect of neutralizing antibodies against MCP, DAF and CD59 onCell cultures became confluent after 3—4 days, had a cobblestone
cell resistance to complement-mediated lysis. Since we found thappearance, and were used in experiments on days 4 and 5. The
human lung cancer cell lines exhibit enchanced resistance tepithelial nature of cells cultured in this way has been verified by
complement-mediated lysis, we tried to clarify some of theintense staining with anti-keratin MoAb (not shown).
mechanisms responsible for this enhanced resistance. To do this
we investigated, first, whether serum complement can be activatedntibodies and human sera
upon the cell membrane of these lung cancer cells, and secontjouse anti-human MCP MoAb GB-24 (IgG 1,K) [10] was
whether MCP, DAF and CD59 contribute to inhibition of comple- purchased from Theramex (Monaco). Mouse anti-human DAF
ment activation upon the lung cancer cell membrane. In some oMoAb 1A10 (IgG2a) [11] was a kind gift of Dr V. Nussenzweig
the comparisons we made we used data that we have recentjnd Dr M. B. Whitlow (NYU Medical Center, New York, NY). Rat
obtained for normal nasal epithelial cells in culture in a parallelanti-human CD59 MoAb YTH 53.1 (IgG2b) was purchased
study done concomitantly with this one [5]. from Serotec (Oxford, UK) [12]. Polyclonal antiserum to human
nasal epithelial cells (anti-NEC) was prepared as previously
MATERIALS AND METHODS described [5] by immunizing a rabbit with these cells. Smears

of cultured nasal epithelial cells and lung cancer cells were
Cell culture reagents positively stained with a 1:50 dilution of this antiserum using
Human placental collagen type IV (Sigma Type VI), bovine serumthe streptavidin-biotin immunoperoxidase method. Anti-human
albumin (BSA; fraction V), DL-dithiothreitol, Dulbecco’s PBS, carcinoembryonic antigen (anti-CEA, purified immunoglobulin
crude collagenase fronClostridium histolyticum(type 1) and  fraction of rabbit antiserum) was purchased from Dako (Glostrup,
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Denmark). Anti-human C3c, FITC-conjugated (purified immuno- cell line was calculated as its ratio: MCD ratio for a specific cancer
globulin fraction of rabbit antiserum) for flow cytometry studies cell line= MCD cancer divided by MCD non-cancer. To obtain the
was purchased from Dako. It should be noted that anti-human C3corrected, relative MFI for each cancer cell type, the mean of its
serum identifies C3 native protein as well as its related fragmentdViFl was divided by its MCD ratio.

produced during its activation, C3b, iC3b and C3c. FITC-conju-

gated goat serum anti-human IgD was purchased from Kallesta@ell lysis assay protocol

Labs (Chaska, MN). FITC-conjugated secondary Hgahanti- For all lysis assays, we used single-cell suspensions obtained
bodies for flow cytometry studies were purchased from Jacksofrom confluent cultures of epithelial cells. Single-cell suspensions
Immunoresearch Labs (West Grove, PA). Normal humanwere prepared by trypsin—EDTA solution as described for flow
serum (NHS) was prepared from blood of normal non-smokingcytometry analysis.

volunteers. Aliquots of NHS were kept at70°C until use. The lysis assay was performed in two steps. In the first step
5x10° epithelial cells were treated with diluted antibodies or
Expression of cell membrane CIP antisera to cell membrane CIP, to NEC or to CEA at optimal

In order to evaluate expression of cell membrane CIP in cancer andilutions in 100ul ‘enriched’ PBS for 30 min at 4= with gentle
non-cancer cells of human respiratory tract epithelium, we assayebtatory shaking. Control cells were treated with PBS alone, with
expression of MCP, DAF and CD59 in ChaGo K-1 and NCI-H596 non-immune mouse IgG (diluted 1:50 in PBS) and with heat-
human bronchogenic carcinoma cell lines and in non-cancemactivated normal rabbit serum (diluted 1:20 in PBS) when
human nasal epithelial cells in primary cultures, by flow cytometryappropriate. The cells were then washed twice with ‘enriched’
analysis. Confluent cultures of cancer and non-cancer cells wereBS at room temperature.
first rinsed with 2 ml of 0-25% trypsin—EDTA solution and then In the second step of the lysis assay, the cells were resuspended
placed in a cell culture incubator for 5—7 min. Cells were thenin 100ul of 50% NHS in ‘enriched’ PBS with or withouEscher-
aspirated and mechanically dispersed with a glass pipette anidhia coli lipopolysaccharide (LPS; serotype 026:B6; Sigma) and
extensively washed by PBS containing 10% heat-inactivatedvere gently shaken in a water-bath for 60 min at@7Control
FCS. Cell viability by trypan blue was always96% for all cell cells were treated with PBS alone. Cells were then washed with
types treated by trypsin—EDTA. PBS and resuspended in 0-2% trypan blue in PBS. Cell lysis was
Cells were resuspended in ‘enriched’ PBS (containing calciumdetermined microscopically by the trypan blue dye inclusion
chloride and magnesium sulfate Wineach, BSA and glucose technique. In preliminary studies we compared this method with
(0-5% each)), and were incubated with primary antibodies for thea method using propidium iodide and flow cytometry and found
various cell membrane CIP (30 mirf,@). Cells were then washed these methods to be highly intercorrelated. A total of 300 cells was
twice in ‘enriched’ PBS, and incubated with secondary antibodiescounted for each test tube and the percentage of cells containing
goat F(ab), anti-rat IgG (H+ L) and goat F(al), anti-mouse IgG  dye was calculated. The percentage of cells lysed was calculated
(H+L), both FITC-conjugated (30min,°@). Cells were then by subtracting the percentage of dye-containing cells in a PBS
extensively washed and resuspended in ice-cold PBS (0-5ml) at@ontrol assay from the percentage of dye-containing cells in the
cell concentration of 1Uml and analysed for fluorescence by a experimental assay.
flow cytometer (Epics Profile Il Flow Cytometer; Coulter Electro-
nics, Luton, UK). The flow cytometer was equipped with an argonCell resistance to complement-mediated lysis
ion laser, using 15mW light with an excitation wave length of To evaluate the resistance of human lung cancer cell lines to
488 nm and detection wave length of 525 nm. The voltage used wasomplement-mediated lysis we assayed cell lysis after exposure to
850 V. Five thousand cells were analysed by gating on a uniformvarious concentrations of NHS with or without the addition of
cell population on a two-parameter histogram of forwaedsus  potential complement activators at various concentrations. Com-
side scatter. The fluorescence histograms were overlaid to deteplement activators that we used were LPSEofcoli and cell
mine significant differences from negative control antibodies.membrane immunocomplexes formed by antibodies against cell
For negative control antibodies we used the appropriate FITCmembrane antigens that are not related to complement regulation.
conjugated secondary antibodies, or FITC-conjugated goat seruffhese antibodies were anti-CEA and anti-NEC (obtained as
anti-human IgD (Kallestad Labs). specified in the antibodies subsection above). Flow cytometry
In preliminary studies we first determined the optimal dilution studies revealed that 100% of both nasal epithelial cells and lung
of primary antibodies needed in order to saturate each type of cettancer cell lines reacted with anti-NEC and that 100% of both lung
membrane CIP on each cell type. We used these optimal dilutionsancer cell lines reacted with anti-CEA. However, flow cytometry
for our further assays. In order to compare mean fluorescenceevealed two subpopulations of CEA-expressing cancer cells, one
intensities (MFI) for each type of CIP of nasal epithelial cells with subpopulation with high CEA expression (30% of cells) and a
those of lung cancer cells, we corrected the MFI for the differentsecond one with low CEA expression (70% of cells). This pattern
mean cell surface area of each cell type. Cell diameter ofwas confirmed also by peroxidase immunocytochemistry (not
suspended cells was used as an indicator for cell surface area. Biown). Results of lung cancer cell line resistance studies were
determine the mean diameter for each cell type, a drop of celcompared with results of nasal epithelial cell resistance which we
suspension was placed on a glass slide and photographed under thigtained recently in a parallel and concomitant study [5].
microscope. Photograph negatives were then projected by a slide
projector on a wall from a fixed distance and the diameter ofEffect of neutralizing antibodies against MCP, DAF and CD59
100 cells of each cell type from two different cell cultures on cell susceptibility to complement-mediated lysis
was measured in millimetres and mean cell diameter (MCD)To evaluate the effect of neutralizing antibodies against cell
was calculated. The MCD of non-cancer nasal epithelial cellsmembrane CIP, lung cancer cell lines were incubated in the
was considered as a reference and the MCD of each lung cancérst step of the lysis assay with different dilutions of anti-MCP,
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Fig. 1. Cell membrane expression of complement inhibitory protein (CIP) molecules [membrane cofactor protein (MCP), decay-accelerating
factor (DAF), CD59] as assessed by flow cytometry of human lung cancer cell lines (non-small cell bronchogenic carcinoma) and of normal
nasal epithelial cells in primary cultures.

anti-DAF and anti-CD59 MoAbs, each one alone and in variousa recent parallel study [5]. In addition, since in our recent study

combinations. In the second step of the assay, cells were incubat€eD59 was neutralized by an antiserum, in the present study we

with 50% NHS in PBS and cell lysis was then assessed. In somassayed the effect of MoAb YTH 53.1 anti-CD59 on nasal

experiments, in the second step of the assay, LP&dial) or epithelial cells, as well as on lung cancer cells.

anti-CEA (1:20) were added.

The results of the effect of neutralizing antibodies against the

cell membrane CIP of lung cancer cell lines were compared withiComplement activation upon the cell membrane of lung cancer

the results of the effect of these same antibodies on cell membrarfell lines

CIP of non-cancer nasal respiratory epithelium that we obtained if 0 investigate whether complement is activated upon the cell
membrane of lung cancer cell lines, and to what extent, we
assessed the cell membrane adsorption of complement C3-related

- . ) . . fragments using flow cytometry after incubation of such

able 1. *Corrected relative mean ﬂgor_es_,cence 'm(.ens'ty (MF)t for cells with NHS, with or without the addition of complement

human cell membrane complement inhibitory proteins (CIP) of lung "~ . . . .

cancer cells and of non-cancer nasal epithelial cells activators. Complement activators were elthe_r LPSEofcaoli,

serotype 026:B6 (Sigma), or cell membrane immunocomplexes

formed by presensitization of cells with anti-NEC serum and anti-

Lung cancer cells CEA antibodies. Cells in suspension were incubated with PBS
Type of Nasal epithelial cells alone or with 1%, 3%, 5%, 10% and 50% NHS in PBS°@7
CIp (non-cancer) ChaGo K-1 NCI-H596 30 min). In some experiments LPS (1@/ml) was added to 50%

NHS just before incubation with the cells. In other experiments
MCP 60 87 175 cells were sensitized with anti-NEC serum or with anti-CEA
2329 12256 11?;,% ;734; antiquies (ac, SQ min, 1:10-20 dilution),. washed in PBS and
then incubated with 50% NHS for 30 min. At the end of the
incubation time cells were washed twice in PBS and incubated at

*To obtain the corrected relative MFI for each lung cancer cell line, the 4°C for 30 min with FITC-conjugated rabbit antibodies to human
mean of MFI of each type of its CIP molecules was divided by its mean cellc3¢ (1:20).

diameter (MCD) ratio (the ratio between the MCD of the cancer line and the
MCD of non-cancer nasal epithelial cells). MCD of normal nasal cells was

considered as a reference of 1. MCD ratios for ChaGo K-1 and NCI-H596-gntribution of MCP. DAF and CD59 to inhibition of
were 0-594 and 0-745, respectively.

FMEL i i bit it q bained by f complement activation and to cell resistance
S expressed In arbilrary units and was obtained by Tow Neutralizing antibodiesMCP and DAF are known to interfere
cytometry of cell samples from four to six different cell cultures for each .

cell type in the early steps of complement activation involving complement
1 MFI for DAF of nasal epithelial cells is presented here as MFI of the C3 in both pathways of the complement cascade. To determine

total cell population and not of its individual cell subpopulations (see Whether MCP and DAF are essential for the inhibition of comple-

Results). ment activation upon the cell membrane of lung cancer cell
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Fig. 2. Effect of lipopolysaccharide (LPS) on threshold of susceptibility of human lung cancer cell lines (a,b) and normal nasal epithelial cells
(c) to complement-mediated lysis. Cells were exposed to normal human serum (NHS) alone or in presence of LPS for 60@niviaitiag

are mean=* s.d. of six experiments.P< 0-03versusthe preceding value (one-wayova). Data for normal nasal epithelial cells were
obtained from our recent concomitant study [5].

lines, we assessed cell membrane adsorption of complement C8nes to complement-mediated lysis was to detach DAF and CD59
related fragments after treating the cancer cells with anti-MCPFrom the cell membrane of these cells and to then reassess the cells’
and anti-DAF neutralizing antibodies. Cancer cells were firstsusceptibility to lysis. Detachment of DAF and CD59 was obtained

incubated with anti-MCP and anti-DAF9@, 30 min) at saturating by treating the cells with phosphatidylinositol-specific phospho-
dilutions (1:50 as determined by flow cytometry). Cells were thenlipase C (PIPLC) which acts on glycosyl-phosphatidylinositol
washed in PBS and incubated with NHS without or with the (GPI) cell membrane anchors. PIPLC was kindly provided by

addition of LPS.

Dr M. G. Low (Columbia University New York, NY). PIPLC was

In other experiments, before incubation with NHS, cells wereisolated from culture supernatants Bécillus subtilistransfected
sensitized with anti-NEC serum and with anti-CEA antibodies.with the PIPLC gene fromB. thuringiensid13,14]. In preliminary
Cells were then washed with PBS and flow cytometry for C3-relatecexperiments we determined by flow cytometry that 0-5U/ml

fragments was carried out as described above.
Phosphatidylinositol-specific phospholipase C

of PIPLC (37C, 60min) detaches almost 100% of DAF and

treatment CD59 from both cancer cell lines, while MCP is untouched. To

Another approach that was taken in order to determine whethedetermine the complement lysis threshold after complete detach-
DAF and CD59 contribute to the resistance of the lung cancer celinent of DAF and CD59, the cancer cell lines were treated first with

50% NHS
+
antibodies to:
No antibodies
NEC

No antibodies
NEC
CEA

Dll

B Normal nasal
epithelial cells

No antibodies (] chaGo k-1 (lung ca.)

NEC

T

NCI-H596 (lung ca.)

CEA
| | | | J

10 20 30 40 50

R

Percent lysis

PIPLC (0-5U/ml, 37C, 60 min), then washed and incubated with
various concentrations of NHS (32, 60 min). In order to deter-
mine the threshold of DAF and CD59 detachment required for
obtaining complement-mediated cell lysis, the lung cancer cell
lines were first treated with various concentrations of PIPLC
(0-0001-0-5U/ml), then washed and incubated with 50% NHS
(37°C, 60 min).

After incubation with NHS, cells were washed twice and cell
lysis was assessed microscopically by the trypan blue inclusion
technique. A total of 300 cells was counted from each assay and the
percentage of cells containing dye was calculated. Cell treatment
with PIPLC in PBS (0-5U/ml, 3T, 45min), PIPLC control
assay, was done for each experiment and was not found to
induce cell lysis in comparison with PBS alone 3% dead
cells). Percentage of cell lysis was calculated by subtracting the
percentage of dye-containing cells in a PIPLC control assay from
that in a test assay.

Statistical analysis
Mean values of the various groups were compared by one-way
analysis of variance (one-wayova) or by Student’'s-test when

Fig. 3. Effect of cell membrane immunocomplexes on complement- appropriate and as indicated in the figure legends
mediated lysis. Cells were presensitized with nasal epithelial cell (NEC) '

antiserum or with anti-carcinoembryonic antigen (CEA) (30 min,°&)4
Cells were then washed and exposed to 50% normal human serum (NHS)
(60 min, at 37C). Values are meatt s.d. of six experiments.P< 0-0001
versusNEC with NHS and no antibodies (Studenittest). Data for normal
NEC were obtained from our recent concomitant study [5].

RESULTS

Expression of cell membrane CIP
Both human bronchogenic carcinoma cell lines, NCI-H596 and
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50% NHS cell type (see Materials and Methods). When the MCD of non-
+ cancer nasal epithelial cells was considered as a reference of 1.0,
antibodies to: (a) MCD ratio of ChaGo K-1 and NCI-H596 cancer cell lines was

0-594 and 0-745, respectively. After such correction was done it
No antibodies Il was shown (Table 1) that both lung cancer cell lines expressed
DAF .
DAF EE— B NCI-H596 cells more cell membrane MCP and DAF than did non-cancer nasal
ebse L__1~ respiratory epithelial cells. CD59 expression was higher in NCI-

No antibodies [+ [J ChaGo K-1 cells

:

CD59 NN — ) . ?
CD59 + DAF [~ H596 and was lower in ChaGo K-1 cancer cell lines in respect of
CD59 + DAF I * . g

MCP/DAF [h non-cancer nasal epithelial cells (Table 1).
MCP/DAF HR—
CEA W
CEA+CD59 [+ . . .
tgg - Cell resistance to complement-mediated lysis
MCP(/:%/QS+$§ [— * % Both cell lines of human lung cancer were very resistant to
+LPS | —— L L1 1 1 1 | complement-mediated lysis. Introducing complement activators
0 10 20 30 40 50 60 70 80 90 100 like LPS (Fig. 2a,b) or cell membrane immunocomplexes,
Percent lysis formed by presensitization of cells with anti-NEC or anti-CEA
antibodies (Fig. 3), did not evoke a significant cell lysis. In
contrast, non-cancer nasal epithelial cells were much less resistant
50% NHS

and a high percentage of cells was lysed when LPS or anti-NEC
Lo (b) were indroduced (Fig. 2c and Fig. 3).
antibodies to:

No antibodies B Normal NEC

Effect of neutralizing antibodies against MCP, DAF and CD59
on cell susceptibility to complement-mediated lysis
Neutralizing antibodies against MCP, DAF and CD59 of both
lines of lung cancer cells were not very effective in increasing
* % susceptibility to complement-mediated lysis (Fig. 4a).

Anti-MCP and anti-DAF were not effective at all. Anti-CD59

(YTH 53.1) was the only neutralizing antibody that increased
* % complement-mediated lysis. Adding complement activators after
‘0 7‘0 8‘0 9‘0 1(‘)0 treatment' with neutralizing antibodies did not increase cell lysis
further (Fig. 4a).

In contrast, anti-DAF and anti-CD59 were much more effective
in increasing non-cancer nasal epithelial cell susceptibility to
Fig. 4. Effect of neutralizing antibodies against cell membrane COmp|ementcomplement—mediated lysis (Fig. 4b). The effect of CD59 anti-
inhibitory protein (CIP) molecules [anti-membrane cofactor protein (MCP), garym was especially pronounced, enabling lysis of up to a mean

GB_—24, decay_—ac_celeratlng factor (DAF), IA-1.0, antl-CDSQ, YTH 53.1 or of 68% of nasal cells, but MoAb to CD59 (YTH 53.1) was
antiserum as indicated] on complement-mediated cell lysis of lung cancer

: . . 0
cell lines (a) and of normal nasal epithelial cells (NEC) (b). Cells werealso very effective, enabling lysis of up to a mean of 50% of

incubated with antibodies (1:50 dilution, 30 min, &4€4 then washed and  these normal cells (Fig. 4b). In all cell types, cancer and non-
exposed to 50% normal human serum (NHS). In some experiments celi§ancer, the combined effect of DAF and CD59 was only additive

were presensitized with anti-carcinoembryonic antigen (CEA) or with anti-(Fig. 4).
NEC (1:20 dilution, each). Values are mears.d. of four to six experi-

ments. (a) P< 0-01versudysis of same cells with NHS and no antibodies . . , .
or versuslysis with anti-CD59; *P < 0-025versusysis of same cells with ~ Mechanism of lung cancer cell lines’ resistance to complement

NHS and no antibodies. (b) < 0-001versudysis of same cells with NHS Complement activation upon the cell membrane of lung cancer
and no antibodies (Studentigest for all comparisons). Data for normal cell lines Complement C3-related fragments were adsorbed onto
NEC, except for the effect of anti-CD59, YTH 53.1, were obtained from ourthe cell membrane of both human lung cancer cell lines. The
recent concomitant study [5]. percentage of cells adsorbing C3-related fragments in the presence
of NHS without the addition of complement activators increased
proportionally as the concentration increased, reaching 100% of
ChaGo K-1, expressed MCP, DAF and CD59, as did non-cancerpositive cells in the presence of 50% NHS, as shown by flow
ous human nasal epithelial cells (Fig. 1a,b,c). However, using floncytometry (Fig. 5).
cytometry, two populations of non-cancer nasal epithelial cells However, the amount of adsorbed C3-related fragments was
expressing DAF were identified (Fig. 1d). One population (40% oflow and did not increase with the increase of NHS concentration,
all cells) showed a high MFI and the second (60% of cells) showedxcept in ChaGo K-1 cells and only when 50% NHS was used (Fig.
an MFI that was 2-8 times lower. In contrast, only one population5). Heat inactivation of 50% NHS completely abolished this C3
of DAF-expressing cells was identified in either lung cancer celladsorption (Fig. 5). Introducing complement activators by adding
line, and this was a cell population with a relatively high DAF LPS or by presensitization of ChaGo K-1 cells with anti-NEC or
expression (Fig. 1d). anti-CEA antibodies, even in the presence of anti-MCP and anti-
The relative expression of MCP, DAF and CD59 betweenDAF, before cell incubation with 50% NHS, did not affect cell
cancer cell lines and non-cancer nasal epithelial cells wasnembrane adsorption of C3-related fragments in a consistent and
compared after correcting MFI for the MCD ratio for each significant way (Fig. 6).
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Fig. 5. Spontaneous complement activation upon human non-small cell lung cancer cell lines (NCI-H596 and ChaGo K-1). Lung cancer cells
were incubated with different concentrations of normal human serum (NH3} (3D min), then washed in PBS and incubated with FITC-
conjugated rabbit antibodies to human complement C3g,(80 min). Cells were then washed and analysed for cell membrane C3-related
fragments by a flow cytometer. In some experiments ChaGo K-1 cells were incubated with 50% NHS that was first heat-inactivated (HINHS).
(a) Percent of C3-positive cells and mean fluorescence intensity (MFI) are depicted. Values are sretaof four (NCI-H596) and six to

seven experiments (ChaGo K-1P & 0-O1versusthe preceding value (one-wayova). (b) Examples of flow cytometry profiles for C3
deposition on the corresponding cell lines.

Contribution of MCP, DAF and CD59 to inhibition of DISCUSSION
complement activation and to cell resistance

Neutralizing antibodiesTreatment of both lung cancer cell This study shows in a specific cell culture system that the biology
lines with neutralizing antibodies to MCP and DAF did not of cell membrane CIP molecules of human lung cancer cell lines
increase adsorption of C3-related fragments in the presence dfiffers from that of normal, non-cancer human respiratory epithe-
50% NHS (Fig. 7). When neutralizing antibodies to MCP and DAF lium in culture.
were used in the presence of complement activators, cell mem- CIP molecules, MCP, DAF and CD59 are expressed in
brane adsorption of C3-related fragments increased only to a mindung cancer cell lines, but the level of expression is essentially
degree (Fig. 6). higher than that of normal nasal epithelial cells. In addition,

PIPLC treatment PIPLC treatment, given to both lung the lung cancer cell lines are much more resistant to comple-
cancer cell lines, detached DAF and CD59 completely whilement-mediated lysis than are normal cells. We found that
leaving MCP in place (Fig. 8), and increased cancer cell lysis inthis increase in resistance is due to the ability of lung cancer
the presence of 50% NHS in a concentration-dependent manneells to limit complement activation upon their cell membrane. As
(Fig. 9a). PIPLC at 0-5U/ml (45min, 32) facilitated comple- to the mechanism of this resistance, GPl-anchored cell membrane
ment-mediated lysis of 80% of cells from both lines. When a CIP molecules seem to be essential in preventing lung cancer
fixed concentration of 0-5U/ml PIPLC was used, NHS at 5% anccell line lysis by complement. Unexpectedly, however, we found
10% concentrations was insufficient to mediate a significant celthat neutralizing antibodies against these cell membrane CIP
lysis and 50% NHS was required in order to mediate an extensivéave only a slight effect on the susceptibility of the lung cancer
cell lysis (Fig. 9b). cell lines to complement-mediated lysis, while they significantly
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saccharide (LPS) (1@y/ml) or cell membrane immunocomplexes were 125 |-

formed upon cancer cells by presensitization with anti-nasal epithelial cells

(NEC) or anti-carcinoembryonic antigen (CEA) antibodies (1:10-20, 100 —

30min, £C). In other experiments cells were first incubated with anti-

MCP and/or anti-DAF (1:50, 30 min;@) before presensitization with anti- 75

NEC or anti-CEA. Cell membrane adsorption of C3-related frgments was

assessed by flow cytometry using FITC-conjugated anti-human C3c. 50 |-

Values are meart s.d. of five experiments. Values were not significantly

different from values of cells treated by NHS alone (Studertést). 25 L

increase susceptibility to complement in non-cancer nasal epithelial 0+

cells. —-Anti-MCP/DAF +Anti-MCP/DAF

The significance of cell membrane CIP molecules in the _. - - . .

biology of human lung cancer was previously not investigated.Flg' 7. Effect of neutralizing e_mtlbodles against membrane cofactor protein
o) L (MCP) and decay-accelerating factor (DAF) on spontaneous complement

Our finding that these molecules are expressed notianiyo [3] activation upon lung cancer cell lines. Cells were incubated with 50%
but also in cell lines of human lung cancer, as was also shown bYiormal human serum (NHS) (32, 30 min). In some experiments cells
others [16], provides aim vitro model for studying the biological were preincubated with anti-MCP and/or anti-DAF (1:56C430 min).
significance of human lung cancer CIP. Adsorption of C3-related fragments was assayed by flow cytometry. Values

Expression of cell membrane MCP, DAF and CD59 in the lungare meant s.d. of three (NCI-H596) and five (ChaGo K-1) experiments.
cancer cell lines that we studied was, with the exception of CD59 invalues of cells treated by anti-MCP/DAF were not significantly different
ChaGo K-1 cells, always higher than their expression in non{rom values of untreated cells (Studerttest).
cancer nasal epithelial cells in culture. An obvious difference was
the unimodal expression of DAF in the lung cancer cell lines thatbetween bronchial and nasal epithelium [3]. A third reason
was in contrast to the bimodal expression of DAF in the non-cancemight be the difference between types of cell culture systems,
cells (Fig. 1d). In the non-cancer cells there were two cellcell lines (cancer cells) and a primary cell culture (nasal cells).
subpopulations in terms of DAF expression. The major oneOf these three reasons, the first explanation, that the differences
expressed less DAF (Fig. 1d). In contrast, in the lung cancer celin expression resulted from malignancy, is particularly supported
lines there was only one, uniform cell population that exhibited aby other investigators, as well as by our own observations
higher DAF expression. The significance of these differences irvivo. Altered expression of cell membrane CIP has been
DAF expression is not clear, but high DAF expression may affectdescribed in various malignancies, although human lung cancer
cancer cell susceptibility to NK cells [9] and DAF might be has scarcely been investigated. Increased levels of MCP, DAF
involved in transmembrane signalling [15]. and CD59 were described in haematological and in solid malig-

Several reasons could theoretically account for the differencesancies [7-9], and a change in antigenic determinant of DAF
we found in cell membrane CIP expression. One reason is th&as suggested to occur in human lung cancer cell lines [16].
constitutive difference of malignamnersusnon-malignant nature The presentin vitro observation of increased cell membrane
of the studied cells. A second reason might be the difference in th€IP expression in human lung cancer cell lines is also in
anatomical origin along the respiratory tract, bronchiarsus accordance with our previous vivo observation that CIP is
nasal, although in a previous semiquantitative study we werever-expressed in human lung cancer tissue [3]. It might well
not impressed by anatomical differences in CIP expressiorbe that lung cancer cell membrane expressiorvivo is even

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$13173-182



Lung cancer resistance to serum complement 181

(a)
Before PIPLC (a)
5 [ nab j\MEP W ChaGo KT | 5o NHS e
€1 80 |- *
S Il [] NCI-H596
c s ” .
= { w, 1 "-". 2 -
S| | R ) 2 60
o *
PO ol 5 40
A Pt ra s D
10° 10’ 102 108
Fluorescence intensity 20 -
0 After PIPLC °
er 0 0-0001 0-001 001 005 05
.CD59
5 ,J i PIPLC (U/ml)
o | VR i
€I
2 H H i
S | . ! i 100
:‘ “,i ";_ | O ChaGo K-1 *x
i” Ab ! __fl ,"'\{ 80 [~
MM s cenar, i e | @ NCI-H596
100 10° 102 10° % 60
" . > —
Fluorescence intensity =
= |
Fig. 8. Detachment of decay-accelerating factor (DAF) and CD59 from the g a0 -
NCI-H596 lung cancer cell line cell membrane Bwcillus thuringiensis o PIPLC (0-5 U/ml)
phosphatidylinositol-specific phospholipase C (PIPLC; 0-5U/mFC37 i ( m
45 min). Expression of cell membrane DAF and CD59 was assayed by 20 |-
flow cytometry. Results for ChaGo K-1 cells were the same (not shown).
0 \ |

| | | | | |
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promote lung cancer growth and cancer escape from the host's
immunosurveillance.

The human lung cancer cell lines that we studied wererig. 9. Effect of decay-accelerating factor (DAF) and CD59 detachment
extremely resistant to complement-mediated lysis (Figs 2 and 3)rom the cell membrane of lung cancer cell lines on the cells’ susceptibility
To the best of our knowledge, lung cancer resistance to completo complement-mediated lysis. (a) Cells were treated first with phosphati-
ment-mediated lysis was not previously studied, but resistance gylinositol-specific phospholipase C (PIPLC; 45min,°Gy at various
some other solid tumours to complement was found to be high angoncentrations, then washed and exposed to 50% normal human serum

CIP molecules were suggested as an escape mechanism of tuméyrgs?o%%n;in' 37C). ;F< O'I()Olffro(r:"h t?se ":‘('timahe_ ‘;chdc;’igf value;
cells from the host's immunosurveillance system [7-9]. <895 Irom preceding value for L.hato B-1 Ccells, 1 from

The | Il lines that we studied were not lvsed b the alternate preceding value, for NCI-H596 cells. (b) Cells were first
€ lung cancer cell fin y ytreated with PIPLC, then washed and exposed to various concentrations

complement, because Compler.ne.nt ac_:ti\{ation upon the C_e“ MEeNkt NHS. **P<0-001 from the preceding value for both cell types. Values
brane of these cells has been limited in its early steps (Figs 5 angte mean=s.d. of four to six experiments (one-wagova for all

6). Spontaneous adsorption of complement C3-related fragmentsmparisons).

upon lung cancer cells was very low. Increasing NHS concentra-

tion had no effect on spontaneous C3 adsorption upon NCI-H596

cells, and in ChaGo K-1 cells only 50% of NHS resulted in (Figs 2 and 3). In contrast, formation of these cell membrane
increased C3 adsorption (Fig. 5). These findings are in sharpmmunocomplexes upon non-cancer human nasal respiratory
contrast to the pattern of spontaneous adsorption of C3-relatedpithelium, or addition of the same type of LPS to NHS, resulted
fragments upon non-cancer human nasal respiratory epitheliurim significant complement-mediated lysis of these non-cancer cells
[4]. Even the formation of cell membrane immunocomplexes, by[5].

using anti-NEC and anti-CEA antibodies, in the presence of anti-  Although we showed that complement is poorly activated upon
MCP and anti-DAF or the addition of LPS to NHS, did not result the cell membrane of these lung cancer cell lines, the exact
in a significant increase in adsorption of C3-related fragmentsmechanism of increased resistance by these cells to complement-
upon the lung cancer cells (Fig. 6). This coincides with ourmediated lysis is not clear. An apparent discrepancy exists between
results that such an approach is insufficient for inducingthe functional significance of DAF and CD59 expressed by the
complement-mediated lysis of these resistant cancer cell lineking cancer cell lines, as suggested by the results of PIPLC

NHS (%)

© 1998 Blackwell Science LtdClinical and Experimental Immunolog$13173-182



182

S. Varsaneet al.

treatment, on the one hand, and the inability of neutralizingcontribution from Leah and Ariel Shenker. The authors thank Ms Sarah
antibodies against DAF and CD59 to increase both cell lysisGon-Paz for word processing and secretarial assistance.

and cell membrane complement activation on these cells, on the
other (Figs 4 and 7). These discrepant findings are outstanding,
were not described before, and might be explained in one or
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