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Effect of membrane-bound complement regulatory proteins
on tumor cell sensitivity to complement-dependent cytolysis
triggered by heterologous expression of the o-gal xenoantigen
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Abstract. Engineering malignant cells to express a heter-
ologous a-gal antigen can induce heterograft hyperacute
rejection, resulting in complement-dependent cytolysis (CDC)
of tumor cells, which has been considered as a novel strategy
for antitumor therapy. A549 cells engineered to express
Galal-3Galp1-4GlcNAc-R (a-gal) epitope exhibited strong
resistance to CDC treated by normal human serum (NHS)
in a previous study. We hypothesized that the expression of
membrane-bound complement regulatory proteins (mCRPs)
decay accelerating factor (CD55) and protectin (CD59)
influenced the efficacy of the a-gal/NHS-mediated antitumor
effect to tumor cells in vitro. The present study confirmed that
A549 cells expressed high levels of CD55 and CD59, whereas
Lovo cells expressed relatively low levels of these proteins.
AS549 and Lovo cells transfected with plasmids containing
or lacking the a-gal epitope were evaluated for their suscep-
tibility to CDC by NHS and detected using a trypan blue
exclusion assay. a-gal-expressing Lovo (Lovo-GT) cells were
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almost completely killed by a-gal-mediated CDC following
incubation with 50% NHS, whereas no cytolysis was observed
in a-gal expressing A549 (A549-GT) cells. Abrogating
CDS55 and CD59 function from A549-GT cells by various
concentrations of phosphatidylinositol-specific phospholipase
C (PI-PLC) or blocking antibodies increased the susceptibility
of cells to CDC, and the survival rate decreased significantly
comparing to the controls (P<0.05). The findings of the
present study indicated that using the a-gal/NHS system to
eliminate tumor cells via inducing the complement cascade
reaction might represent a feasible approach for the treatment
of cancer. However, high levels of mCRP expression may limit
the efficacy of this approach. Therefore, an improved efficacy
of cancer cell killing may be achieved by combining strategies
of heterologous a-gal expression and mCRP downregulation.

Introduction

The Galal-3GalB1-4GIlcNAc-R (a-gal) epitope structure is a
carbohydrate epitope produced in virtually all non-primate
mammal species, including pigs, rats, and New World
monkeys (1). a-gal is formed by the al,3-galactosyltransferase
(0-1,3GT)-mediated enzymatic transfer of a galactose mole-
cule onto terminal N-acetyllactosamine on carbohydrate side
chains of various glycoproteins and glycolipids (2,3). Owing
to the inactivation of the a-1,3GT enzyme during evolution,
the a-gal epitope is absent in humans, apes, and Old World
monkeys (4-7). Human blood therefore contains a large number
of antibodies against the a-gal epitope, including immunglob-
ulin G (IgG), IgM, and IgA, which are directly produced by B
lymphocytes in response to constant stimulation from normal
gastrointestinal flora (8,9). These a-gal-binding antibodies
activate the classical complement pathway to induce a hyper-
acute rejection (HAR) (10,11), which is largely responsible for
the failure of xenotransplantation.

Engineering tumor cells to express the heterologous
a-gal antigen to induce host HAR against tumor cells is a
novel antitumor strategy has been the focus of several prior
studies (12-16). Indeed, certain studies observed a distinct
complement-dependent cytolysis (CDC) of a-gal-expressing
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tumor cells following treatment with normal human serum
(NHS) (12,16-18). However, it was recently identified that
A549 tumor cells engineered to present a-gal exhibited strong
resistance to this a-gal induced CDC by NHS (19,20).

The complement system is a highly organized proteolytic
cascade whose activation can be achieved by three different
pathways (classical, mannan-binding lectin and alternative)
depending on the initiating molecules. These three pathways
all lead to the formation of the membrane attack complex
(MAC), which mediates cell lysis (21). Normally, the activa-
tion of complement system is under the precise control of
multiple factors, including the C1 esterase inhibitor, C3b
inactivator and membrane-bound complement regulatory
proteins (mCRPs), which avoid over-activation or excessive
complement consumption to achieve a balance between
immune activation and suppression (22). A substantial propor-
tion of malignant tumor cells overexpress mCRPs, including
membrane cofactor protein precursor (CD46), decay accel-
erating factor (CD55) (23,24), and protectin (CD59) (24,25).
In a retrospective study evaluating the effectiveness of using
the monoclonal antibody (mAb) therapy trastuzumab against
Her2-positive breast cancer, patients overexpressing CD55 or
CD59 had a higher relapse rate and a shorter mean disease-free
survival time than those with low expression of CD55 or
CD59; the expression of CD46 had no effect on prognosis (26).
In another studys, it also suggested that CD55 and CD59 served
roles in blocking trastuzumab-induced CDC in Her2-positive
cells (27). Therefore, the overexpression of mCRPs may be a
main factor behind the observed divergences in sensitivity to
cell lysis by NHS among diverse a-gal-expressing tumor cells.

The present study examined whether expression levels
of CD55 and CD359 in a-gal-expressing cell lines influenced
their CDC resistance. Following detection of CD55 and CD59
in various tumor cell lines by flow cytometry (FCM), Lovo
colonic cancer cells which express low levels of CD55 and
CD359, and A549 lung cancer cells which express high levels
of CD55 and CD59, were selected for transfection with an
0-1,3GT gene plasmid. CDC was observed in a-gal-expressing
Lovo and A549 cells by NHS treatment. We also evaluated
the resistant effects of CD55 and CD59 in A549 cells via
cleaving them by phosphatidylinositol-specific phospholipase
C (PI-PLC) and blocking them by mAbs.

Materials and methods

Cell lines. Human A549, SPC-A-1, GLC-82, and LTPEP-a-2
lung cancer cells; Lovo colonic adenocarcinoma cells;
SMMC-7721 hepatocarcinoma cells; SGC-7901 gastric
cancer cells; MCF-7 and BT549 breast cancer cells were
obtained from The Cell Bank of Type Culture Collection of
the Chinese Academy of Sciences (Shanghai, China). Pig iliac
arterial endothelial cells (PIEC) were kindly provided by the
Key Laboratory of Transplant Engineering and Immunology,
Sichuan University. PIEC, which naturally express high levels
of a-gal, were used as a positive control to assess complement
activity in cytolysis assays.

Sera. Pooled NHS, used as the source of complement and
anti-a-gal specific antibodies provided by the Central Blood
Bank of West China Hospital, was stored at -80°C in aliquots
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until assayed. Use of the human serum samples in the study
was approved by the Clinical Test and Biomedical Ethics
Committee of West China Hospital, Sichuan University.

Antibodies and reagents. Fluorescein isothiocyanate
(FITC)-conjugated mouse anti-human CD55 (cat. no. FHF055)
and CD59 (cat.no. FHF059) m Abs were purchased from Beijing
4A Biotech Co., Ltd. (Beijing, China). The mAbs against CD55
(cat. no. SC-59092), CD59 (cat. no. SC-59095), and f3-actin
(cat. no. SC-47778) for western blotting were purchased
from Santa Cruz Biotechnology, Inc. (Dallas, TX, USA). The
horseradish peroxidase (HRP)-labeled goat anti-rat IgG (cat.
no. SC-2030) and goat anti-mouse IgG (cat. no. SC-2031) Abs
were purchased from Santa Cruz Biotechnology, Inc. The
blocking mAbs against CD55 (cat. no. CBL511) was purchased
from EMDMillipore (Billerica, MA, USA). The blocking
mAbs against CD59 (cat. no. AB9182) was purchased from
Abcam (Cambridge, UK).

FITC-BS-1IB4 lectin (FITC-conjugated Griffonia
simplicifolia isolectin B) which specifically binds a-gal was
purchased from Vector Laboratories, Inc. (Burlingame, CA,
USA). The 100 U/ml PI-PLC and liposome transfection reagent
kit Lipofectamine 2000 were purchased from Invitrogen
(Thermo Fisher Scientific, Inc., Waltham, MA, USA).

Eukaryotic expression plasmids. The eukaryotic pPCMV-GT
a-gal expression plasmid and the control pl-GT plasmid, in
which the cytomegalovirus promoter did or did not regulate
a-1,3GT gene expression, respectively, were successfully
constructed in a preliminary study (28).

Detection of CD55 and CD59 expression by FCM. Cells
were removed from the culture flask using 0.25% trypsin and
0.25% EDTA, and washed in 1% bovine serum albumin (BSA;
Sigma-Aldrich; Merck KGaA, Darmstadt, Germany) diluted
in PBS and centrifuged at 300 x g for 10 min. The cells were
then suspended in 100 ul 1% BSA and incubated with 10 ul
FITC-CDS55 or FITC-CD59mAbs for 30 min at 37°C. FCM
was performed using FACSArial and data were analyzed using
FACSDiva 6.0 software (both from BD Biosciences, Franklin
Lakes, NJ, USA).

Detection of CD55 and CD59 expression by western blotting.
Cells in the logarithmic growth phase were harvested and lysed
at 4°C in radioimmunoprecipitation lysis buffer (Beyotime
Institute of Biotechnology, Shanghai, China). Total protein
concentration was determined using a BCA kit (Beyotime
Institute of Biotechnology). A total of 30 g protein from each
sample was separated by 12% SDS-PAGE and transferred to
polyvinylidene difluoride membranes. The membranes were
blocked with 5% nonfat milk in PBS-Tween (0.1% Tween
in PBS). Membranes were incubated overnight with the
primary antibodies against CD55 (1:400), CD59 (1:800) and
[B-actin (1:8,000) in 5% nonfat milk at 4°C. After washed with
PBS-Tween 10 min x 3 times, Membranes were incubated 2 h
with HRP-labeled goat anti-mouse IgG (dilution, 1:7,000) or
goat anti-rat IgG (dilution, 1:8,000) at room temperature. After
washed, the bands were visualized using chemiluminescent
HRP substrate (cat. no. WBKLS0100; EMDMillipore), and
detected using the ChemiDocXRS system. Data was analyzed
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by QuantityOne software (Bio-Rad Laboratories, Inc.,
Hercules, CA, USA).

Establishing stable a-gal-expressing cell lines. The
pCMV-GT or the control pl-GT plasmids 0.8 xg mixed with
2 pul Lipofectamine2000 were diluted in 100 ul Opti-MEM
and transfected into the A549 and Lovo cell lines, then incu-
bated for 6 h. The transfected cells were further cultured in in
RPMI-1640 medium containing 10% fetal bovine serum for an
additional 48 h. The transfected cells were termed A549-GT
(a-gal expressing A549), A549-V (control), Lovo-GT (a-gal
expressing Lovo), and Lovo-V (control), respectively. The
transfected cells were then transferred at a 1:10 dilution into
a 6-well plate where stably transfected A549 and Lovo cells
were selected following cultivation in the presence of G418.

Following selection, stably transfected cells expressing
a-gal were identified by direct immunofluorescence staining. A
total of 50 ul FITC-BS-IB4 lectin (1:50 dilution in RPMI-1640)
per well was added into the transfected cells (1x10*), which
had been plated for 24 h. After a 20-min incubation in dark,
the cells were analyzed under an inverted fluorescence micro-
scope.

Analysis of a-gal expression on stable transfected cells
was also performed by FCM. A total of 1x10° cells from each
cell line were incubated in 100 ul FITC-BS-IB4 lectin (1:50
dilution in 1% BSA-PBS) for 1.5 h at 4°C in dark. Following
centrifugation at 300 x g for 10 min and immersion in 1 ml
paraformaldehyde fixative solution (1% BSA + 1% parafor-
maldehyde) for 30 min at 4°C in the dark, the cells were then
resuspended in 300 ul 1% BSA-PBS and analyzed by FCM,
according to the aforementioned method.

To determine a-1,3GT mRNA expression in transfected
cells, total RNA was extracted using an RNeasy Mini kit (cat.
no. 74104) from (QiagenGmbH, Hilden, Germany). First-strand
cDNAs were synthesized from total RNA using 5X all-in-one
RTMasterMix (G492; Applied Biological Materials, Inc.,
Richmond, BC, Canada). PCR was performed using Easy-load
PCR Master Mix (cat. no. D7251; Beyotime Institute of
Biotechnology) in iCycler (Bio-Rad Laboratories, Inc.). The
PCR primer for a-1,3GT and GAPDH was synthesized by
Sangon Biotech (Shanghai, China) as following: a-1,3GT frag-
ment forward, 5S"TCAATGCTGCTTGTCTCA-3' and reverse,
5'"TAAGTGCCTTCCCATA-3'; GAPDH fragment forward,
5'-GTCAGTGGTGGACCTGACCT-3' and reverse, 5'-AGG
GGAGATTCAGTGTGGTG-3'. The following thermocycling
conditions were used: 94°C for 2 min, followed by 33 cycles
of 94°C for 30 sec, 50°C for 30 sec, and 72°C for 2 min, with a
final extension step of 72°C for 10 min. Amplification products
were analyzed by 2% agarose gel electrophoresis.

Trypan blue exclusion assay for CDC induced by
a-gal-expressing cells. A549, A549-V, A549-GT, Lovo,
Lovo-V, Lovo-GT and PIEC cells were resuspended to 1x10°
per tube, and incubated with various dilutions of NHS (0,
15, 30, and 50%) in a total volume of 500 pl for 1 h at 37°C.
Next, 50 ul of each group of the incubated cells were mixed
with the same volume of 0.4% trypan blue. The number of
living/dead cells were counted in a hemocytometer under
a light microscope, and the survival and lysis rates were
calculated as follows: survival rate (%) = number of living
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cells/(number of living cells + number of dead cells) x100;
lysis rate = 100%-survival rate.

Evaluating susceptibility of a-gal-expressing A549 cells to
CDC following pre-exposure to PI-PLC. PBS diluted PI-PLC
to concentrations of 0.001, 0.01, 0.05, 0.1, 0.2, or 0.5 U/ml
were used to pre-treat A549, A549-V and A549-GT cells
at 37°C for 1 h. Cells were then incubated with 500 ul 50%
NHS, and assessed using a trypan blue exclusion assay, as
aforementioned.

A concentration of 0.1 U/ml PI-PLC was selected to deter-
mine the specific cleavage effects of PI-PLC on membrane
CD55 and CD59 at 37°C for 1 h. CD55 and CD59 in A549,
A549-V and A549-GT cells were tested by western blot
analysis as aforementioned. Results were compared with those
from cells that did not undergo PI-PLC treatment.

Following treatment with 0.1 U/ml PI-PLC, levels of CD55
and CD359 in A549-GT cells were assessed by FCM, and the
results compared with those obtained prior to PI-PLC treatment.

Evaluating susceptibility of a-gal-expressing A549 cells to
CDC following blocking CD55 and CD59. A549, A549-V
and A549-GT cells (1x10°) were pre-incubated with 10 pg/ml
anti-CD55, anti-CD59 or anti-CD55 together with anti-CD59
at room temperature for 10 min, then 50% NHS was added to
give a final volume of 500 pl and cells were incubated at 37°C
for 1 h. Each sample was assessed using trypan blue exclusion
assay, as aforementioned.

Statistical analysis. Results were expressed as the
mean =+ standard deviation. Statistical significance was tested
using an independent Student's t-test in two groups or one-way
analysis of variance for experiments consisting of more than
two groups, with a Student-Newman-Keuls test used as the
post hoc test. P<0.05 was considered to indicate a statisti-
cally significant difference. SPSS software 16.0 (SPSS, Inc.,
Chicago, IL, USA) was used.

Results

Expression of CD55 and CD59, detected by FCM. A number
of cell lines were evaluated for their surface CD55 and CD59
protein levels by FCM. The results revealed that these cell
lines expressed distinct levels of surface CD55 and CD59
(Fig. 1A). Specifically A549 cells expressed high levels of
CD55 (mean fluorescence intensity (MFI)=276+23) and CD59
(MFI=629+42), whereas Lovo cells expressed relatively low
levels of CD55 (MFI=134+12) and CD59 (MFI=119+17).
Since A549 and Lovo cells differed significantly in their
expression of CD55 and CD59, Lovo cells were chosen as the
ideal comparative cell line to assess whether CD55 and CD59
expression influenced the a-gal-mediated cytolysis to compare
with A549 cells in the present study.

Similar results were observed in western blot analysis
(Fig. 1B). Comparing these two cell lines, the CD55 and CD59
protein level in A549 cells were evidently higher than Lovo
cells.

Expression of a-1,3GT mRNA in stably transfected A549
and Lovo cells. The results of the present study revealed that
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Figure 1. Expression of CD55 and CD59 in tumor cells. (A) Cell lines were
incubated with fluorescein isothiocyanate-conjugated anti-human CD55 and
CD59 monoclonal antibodies, and analyzed by flow cytometry. Error bars
depict standard deviations. (B) The protein level of CD55 and CD59 in A549
and Lovo cells were detected by western blotting. $-actin protein levels served
as the loading control. CD55, decay accelerating factor; CD59, protectin.

a-1,3GT mRNA was successful expressed in stably transfected
A549-GT and Lovo-GT cells, but was absent from the control
A549, A549-V, Lovo, and Lovo-V cells, as detected by agarose
gel electrophoresis (Fig. 2A).

Expression of a-gal epitope on A549 and Lovo cells
membranes. The stably transfected A549-GT and Lovo-GT
cells exhibited high a-gal epitope expression, as the observed
staining was similar to that of PIEC positive-control cells. No
fluorescent signals were observed on control A549, A549-V,
Lovo, or Lovo-V cell membranes, which indicated that a-gal
epitope was specifically expressed in A549-GT and Lovo-GT
cells (Fig. 2B).

The percentage of a-gal-expressing cells in the stably
transfected A549-GT and Lovo-GT cells, as well as in the
PIEC cells were 80.1+3.2, 95.4+5.2, and 98.4+1.7%, respec-
tively, as detected by FCM (Fig. 2C).

Expression of CD55 and CD59 on a-gal-expressing cells influ-
ences their sensitivity to CDC. A549, A549-V, A549-GT, Lovo,
Lovo-V, Lovo-GT and PIEC cells were incubated with 0, 15,
30 or 50% NHS, and survival rates of these cells were calculated
by trypan blue exclusion assay (Fig. 3A). A549, A549-V and
A549-GT cells all exhibited resistance to CDC, and no evident
changes were observed when the cells were exposed to a series
of NHS concentrations. As the concentration of NHS increased
from 0-50%, the survival rate of Lovo-GT cells decreased
gradually, reduced from 96.4 to 0.2% (P<0.05). No significant
cytolysis was observed in either Lovo or Lovo-V cells at any
NHS concentration. In other words, 99.8% of Lovo-GT cells
were killed when incubated with 50% NHS. The survival rate
of Lovo-GT and PIEC positive-control cells exhibited similar
concentration-dependency in NHS-induced CDC.
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Increased susceptibility to CDC following cleavage of
CD55 and CD59 in a-gal-expressing A549 cells. Incubating
A549-GT cells with 0.001, 0.01, 0.05, 0.1, 0.2, or 0.5 U/ml
PI-PLC resulted in cell survival rates of 84.2,72.3, 65.6, 54.9,
56.4 and 53.8%, following treatment with 50% NHS (Fig. 3B).
A549-GT cells treated with PI-PLC of various dilutions expe-
rienced a significant decrease in survival rates (P<0.05). At a
PI-PLC dose of 0.1 U/ml, the survival rate of A549-GT cells
decreased to 54.9%, and did not decrease further at higher
doses of PI-PLC. No significant cell death was observed in
the control A549 or A549-V cells in the PI-PLC concentration
series.

PI-PLC cleavage effect on CD55 and CD59 in A549-GT cells.
CDS55 and CD59 expression in A549, A549-V and A549-GT
cells was almost completely abrogated following exposure to
0.1 U/ml PI-PLC (Fig. 4A).

The data obtained from FCM also confirmed these results,
where CD55 (MFI=15+5) and CD59 (MFI=16+7) expression
following PI-PLC treatment was significantly lower than that
of CD55 (MFI=206+26) and CD59 (MFI=755+84) expression
prior to PI-PLC treatment (Fig. 4B).

Blocking antibodies against CD55 and CD59 enhanced
susceptibility to CDC in A549-GT cells. Following treatment
with anti-CD55 or anti-CD59 antibodies alone, the survival
rates of A549-GT cells significantly decreased to 80.5 and
49.3%, respectively (P<0.05). Combination treatment with
anti-CD55 and anti-CD359 further decreased the survival rate
to 31.2% (P<0.05). No significant decrease in cell survival was
observed in the control A549 or A549-V cells in the anti-CD55-,
anti-CD59- and anti-CD55 with anti-CD59-treated groups
(Fig. 5).

Discussion

In xenotransplantation across species, such as pig to human,
a-gal expression on the cell surface of non-primate organs
is the major xenoantigen responsible for HAR. A novel
promising therapeutic approach can elicit the host anti-a-gal
immune response against the tumor cells to kill and/or inhibit
tumor growth by expressing heterologous a-gal antigen.
Unfer et al (18) demonstrated that the co-incubation of
a-gal-expressing MC38 colon cancer cells with 50% NHS led
to 98% cell death. Other studies also found that transfection
of the a-1,3GT gene into the A375 melanoma cells (12), MIA
PaCa-2 pancreatic cancer cells and Huh7 hepatocellular carci-
noma cells (16), led to the differentiated susceptibility to CDC,
compared with untransfected cells.

Although these studies (12,16,18) revealed that the
expression of the a-gal xenoantigen sensitized tumor cells to
NHS-induced cytolysis,certain other studies observed no statis-
tical significance. Xing et al (14) examined the susceptibility of
human SGC-7901, SPC-A-1 and A375 cells to NHS-mediated
cytolysis with an a-gal epitope expressed by adenoviral
vector-mediated transfer of the pig a-1,3GT gene. No evident
cell lysis was observed following incubation with 10, 20 or
40% NHS, as analyzed using a trypan blue exclusion assay.
Jager et al (29) revealed that al,3GT-transfected HT1080a
tumor cells that expressed high levels of CD46, CDS55, and
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Figure 2. Establishing stable transfected a-gal-expressing cell lines. (A) a-1,3GT mRNA expression in A549, A549-V, A549-GT, Lovo, Lovo-V and Lovo-GT
cells were detected by reverse transcription-polymerase chain reaction. The amplified product of a-1,3GT was detected by agarose gel electrophoresis in lane
2,4 and 6 of the two gels. GAPDH was used as loading control in lane 1, 3 and 5 of the two gels. (B) Expression of a-gal epitope in each group of cells were
detected by direct immunofluorescence (magnification, x200). FITC-conjugated BS-IB4 lectin staining was performed to probe a-gal epitope. (B-a) A549-GT,
(B-b) A549, (B-c) A549-V, (B-d) Lovo-GT, (B-e) Lovo, (B-f) Lovo-V and (B-g) positive control PIEC cells. (C) Expression of a-gal epitope in each group of
cells were stained with FITC-BS-IB4 lectin, then analyzed by flow cytometry. Error bars depict standard deviations. FITC, fluorescein isothiocyanate; a-gal,
Galal-3Galp1-4GIcNAc-R; a-1,3GT, al,3-galactosyltransferase; PIEC, pig iliac arterial endothelial cells; A549-GT, a-gal expressing A549; A549-V, control.
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Figure 3. Expression of CD55 and CD59 on o-gal-expressing cells influences their sensitivity to CDC. (A) A549, A549-V, A549-GT, Lovo, Lovo-V, Lovo-GT
and positive control PIEC cells were incubated with various dilutions of NHS (0, 15, 30, 50%) and survival rates were analyzed by trypan blue staining. Error
bars showed standard deviations ("P<0.05 vs. the control). (B) A549, A549-V, A549-GT Cells were pre-treated with various concentrations of PI-PLC (0.001,
0.01,0.05,0.1,0.2, or 0.5 U/ml), incubated with 50% NHS, and survival rates were analyzed by trypan blue staining. Error bars showed standard deviations.
“P<0.05, vs. the control. CD535, decay accelerating factor; CD59, protectin; NHS, normal human serum; PI-PLC, phosphatidylinositol-specific phospholipase C;
A549-GT, a-gal expressing A549; A549-V, control.

CD59 were not lysed by NHS, whereas cytolysis reached up to More recently, the use of therapeutic antibodies is among
75-80% following PI-PLC-treatment. the most active fields of cancer research. The binding of
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Figure 4. Effects of PI-PLC treatment on CD55 and CD59 protein level in
A549-GT cells. (A) Following 0.1 U/ml PI-PLC treatment, CD55 and CD59 were
tested by western blot in A549, A549-V, A549-GT, Lovo, Lovo-V and Lovo-GT
cells, compared with that prior to PI-PLC treatment. (B) After 0.1 U/ml PI-PLC
treatment, A549-GT cells was incubated with fluorescein isothiocyanate-conju-
gated anti-human monoclonal antibodies. CD55 and CD59 were analyzed
by flow cytometry, compared with that prior to PI-PLC treatment. Error bars
showed standard deviations. "P<0.05 vs. the control. CD535, decay accelerating
factor; CD59, protectin; PI-PLC, phosphatidylinositol-specific phospholipase C;
A549-GT, o-gal expressing A549; A549-V, control.

bt = " 3 anti-CD55

80~ — = anti-CD59
g B3 anti-CD55+antiCD59
60
g *
S 40
w

20-

0 T T T
A549 A549.V A549-GT

Figure 5. Effect of anti-CD55 and anti-CD59 on CDC in a-gal-expressing
cells. The A549, A549-V and A549-GT cells were pre-incubated with each
antibodies (anti-CD55, anti-CD59 and anti-CD55 with anti-CD59) (10 ug/ml),
then 50% normal human serum was added and the survival rates were calcu-
lated. Error bars showed standard deviations. “P<0.05 vs. the control. CD55,
decay accelerating factor; CD59, protectin; a-gal, Galal-3Galp1-4GlcNAc-R;
A549-GT, a-gal expressing A549; A549-V, control.

tumor antigens and the corresponding antibodies can initiate
the killing of tumor cells through CDC, antibody-dependent
cell-mediated cytotoxicity (ADCC) and signal-pathway
alteration (30). CDC is a mechanism that can lead to tumor
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cell lysis and also stimulate the adaptive immune response,
as the fragments released upon CDC function to attract and
activate immune cells (31). A number of types of tumor
cells suppress the activation of the complement system by
overexpressing mCRPs to evade complement attack (32-36).
The main mCRPs are complement receptor 1 (CD35), CD46,
CD55 and CD359 (37,38). CDS55 is a membrane glycosyl-phos-
phatidyl inositol (GPI)-anchored glycoprotein that accelerates
the decay of C3 convertases and C5 convertases, leading to
the suppression of MAC activation (35). CD59 is also a small
GPI-anchored glycoprotein that prevents the formation of a
functional MAC by inhibiting the incorporation of multiple
copies of C9 on the target cell membrane (37,39). In the present
study, we hypothesized that CD59 and CD55 expression may
have a role in the resistance of a-gal-expressing A549 cells to
a-gal-mediated complement attack.

Other factors which may confer tumor resistance to
anti-a-gal Ab-mediated cytolysis were proposed in previous
studies, such as blood type, anti-a-gal Ab titers, and concen-
tration of complementary factors. McMorrow et al (40)
evaluated the anti-a-gal antibodies levels in A, B, AB,
and O serum samples using ELISA and flow cytometry,
and observed a significant reduction in a-gal reactive
IgG in serum samples from B-antigen-expressing donors
(B, AB), comparing with non-B-antigen-expressing donors
(A, O). Wang et al (41) revealed that the proportion of elderly
individuals with low-affinity anti-a-gal Abs is six-fold higher
than that in young individuals, verifying that there might be an
age-associated change in the affinity of anti-a-gal antibodies.
Koopmans et al (42) demonstrated that little a-gal induced
cytolysis occurred in pig mesencephalon cells cultured with
NHS containing low anti-a-gal IgM titers, whereas NHS
containing 40-fold higher anti-a-gal IgM titers induced cell
death in 65% of cells. In the present study, the influence
of blood type, anti-a-gal Ab titers, and concentration of
complementary factors in the experiments was eliminated by:
i) Using the same pooled serum (frozen in aliquots at -80°C)
from healthy and young human donors; and ii) using the
pig-derived PIEC cell line, which highly expresses a-gal, as a
positive control to assess antibodies and complement activity
in cytolysis assays, where serum could be used only if the 50%
pooled NHS concentration killed >95% of the PIEC cells.

In the present study, A549 and Lovo cells were chosen
for further manipulation owing to their endogenous high and
low expression of both CD55 and CD59, respectively, with the
purpose of further confirmation of the role of mCRPs in the
a-gal/NHS CDC system. Lovo-GT cells were significantly
more susceptible to NHS-mediated cytolysis, as almost all
Lovo-GT cells were killed upon treatment with 50% NHS. By
contrast, A549-GT cells exhibited resistance to NHS-induced
cytolysis with survival rates as high as 95%. Consistent
with prior speculation, in the a-gal/NHS-mediated cytolysis
system, tumor cells with low CD55 and CD59 expression were
more susceptible to CDC, whereas those with high expression
of CD55 and CD59 might inhibit CDC.

The non-human PI-PLC enzyme can cleave the
GPI-anchored mCRPs CDS55 and CDS59 at the cell
membrane (43,44). Therefore, a PI-PLC enzyme and
corresponding blocking antibody were used to assess the
suspected inhibitory effect of CD55 and CD59 on CDC. With
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an increase in PI-PLC dosage (0.001-0.1 U/ml), A549-GT
survival rates significantly decreased from 96.9 to 54.9%,
which indicated that the cell sensitivity to NHS increased
along with the enzyme concentration. When cells were treated
with anti-CD55 or anti-CD59 blocking antibodies alone, the
survival rate of A549-GT cells significantly decreased to 80.5
and 49.3%, respectively. The combined use of anti-CD55 and
anti-CD359 further decreased the survival rate to 31.2%. The
aforementioned results confirmed that the destruction of CD55
and CD59 functions on tumor cell membrane can reduce the
resistance to a-gal/NHS-mediated cell lysis.

In the present study, the killing effect of NHS induced CDC
on A549-GT cells did not reach an ideal proportion, which may
be a result of the inhibitory effects mediated by other comple-
ment regulatory proteins that were not assessed, such as soluble
complement regulatory proteins factor H, factor I, Cl-inhibitor
or mCRPs CD35, CD46. Other than by the aberrant expression
of complement regulatory proteins, tumor cells can evade attack
by the complement system via other mechanisms, including the
repair of cell damage and preventing formation of the MAC. To
make full use of the a-gal/NHS therapy system to kill tumor
cells, further in depth investigation into the possible influencing
factors will be a necessity.

The in vitro cellular model presented in the current study
may be difficult to adapt to in vivo studies owing to the lack of
appropriate animal models. a-Gal was used as a target antigen
to induce the complement cascade reaction to eliminate tumor
cells, which may represent a prospective cancer therapy for
human being in the future.
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