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Abstract. Decay-accelerating factor (DAF, CD55) is physiologically acting as an inhibitor of the complement system, but is also
broadly expressed in malignant tumours. Here DAF seems to exert different functions beyond its immunological role such as
e.g. promotion of tumorigenesis, decrease of complement mediated tumor cell lysis, autocrine loops for cell rescue and evasion
of apoptosis, neoangiogenesis, invasiveness, cell motility, and metastasis via oncogenic tyrosine kinase pathways and specific
seven-span transmembrane receptors (CD97) binding. Therefore, DAF has already become a target for therapy. In this paper we
review the role of DAF in human malignancies as described in different basic, diagnostic and experimental therapeutic studies.

1. Introduction

The decay-accelerating factor (DAF), also desig-
nated CD55, was described for the first time in 1969
for its physiologic function within the human immune
system when factors on the surface of erythrocytes
where discovered regulating human complement acti-
vation [37,38]. The complement system as a part of
the unspecific humoral immune system can take part
directly in defence mechanisms as well as in control
and regulation functions for the specific antibody me-
diated immune response. As uncontrolled activation
of complement leads to damage of an organism and
to excessive consumption of complement factors this
system has to be regulated. This regulation is main-
tained in part by regulation proteins located in the cyto-
plasm and cell membrane. These complement regulat-
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ing proteins include, besides DAF, C1-inhibitor, factor
H, C4b-binding protein (C4bp), complement receptor
1 (CR1), Clusterin, Vitronectin, and CD59.

To date, DAF has been detected in all mammalians
[35,54,85,87,91,107]. Physiologically it is expressed
in all cells activating the complement system includ-
ing peripheral blood, epithelial and endothelial cells [3,
50,73,82,83]. Moreover, soluble DAF is detectable in
plasma, tears, saliva, and urine, as well as in synovial
and cerebrospinal fluids [73].

The most well-known function of DAF is activation
of the complement system by accelerating the decay
of the C3/C5-convertase of the classic and alternative
pathways of the complement system [13].

Besides its importance as a regulator of the comple-
ment system, DAF also seems to inhibit natural killer
cells [24]. Moreover, DAF is also known as a receptor
for certain viruses and other microorganisms [9,19,56,
92,101] and as a ligand of the CD97 receptor [29]. Ex-
cessive expression of different DAF isoforms in murine
testicles suggests a further role of DAF in spermatozoa
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production and their survival within the female genital
tract [32].

The clinical relevance of DAF comprises various
diseases: paroxysmal nocturnal haemoglobinuria
(PNH) [74,98], autoimmune diseases such as rheuma-
toid arthritis, vitiligo, systemic sclerosis and psoriasis,
as well as in some gastrointestinal diseases like ulcer-
ative colitis [4,30,43,99,114,116,120]. In xenotrans-
plantation DAF is used for the prevention of hypera-
cute and acute graft rejection [5,21,130].

Within recent years, expression of the decay-accel-
erating factor (DAF) has also increasingly been stud-
ied in human malignancies with regard to function and
diagnostic and therapeutic strategies.

2. Structure and biosynthesis of DAF (CD55)

DAF is a glycoprotein appearing as different iso-
forms depending partially on different posttransla-
tional glycosylation patterns [63] and sometimes on
alternative splicing [15,32,35,54,87,91]. Alternative
splicing also determines the appearance of DAF mole-
cules that are more hydrophobic or hydrophilic [15]
and that vary in structure and localisation of the protein
leading to glycophosphatidylinositol(GPI)-anchored
membrane bound isoforms as well as to transmembra-
nous and secreted variants [87]. On the mRNA level,
two different DAF transcripts have been detected in
human cells of 2.2 kb resp. 1.5 kb resulting from
alternative splicing and possibly leading to a trans-
membranous as well as a secreted form of the pro-
tein [15].

Human DAF is preferentially expressed in cells ex-
posed to the complement system such as hematopoi-
etic and vascular endothelial cells [3,50,73,82,83]. The
level of DAF expression seems to depend on the grade
of maturation of normal hematopoietic cells [89]. DAF
has also been detected in plasma, tears, saliva, urine,
synovial and cerebrospinal fluids [73].

In different cell types a specific distribution pattern
of DAF has been observed [10,60,133] suggesting an
exact sorting mechanism for the transport of the mole-
cule from the Golgi complex to the cell membrane
[84]. Additionally, besides the membrane bound iso-
forms it is likely that in some human cells soluble and
possibly secreted variants of this molecule occur [73,
80].

The gene encoding for DAF has been identified on
the long arm of chromosome 1q32 within a locus en-
coding for different regulators of complement activa-

Fig. 1. Schematic representation of the structure of DAF. SCRs, short
consensus repeats; GPI, glycosyl phosphatidyl inositol membrane
anchor; ST, serine/threonine-enriched domain capable of extensive
O-linked glycosylation.

tion (RCA) [64]. These proteins, beginning at their
amino terminus, consist largely of multiple copies of
an approximately 60 amino acid short consensus re-
peat (SCR). The structure of the daf gene has already
been extensively analysed [93]. It consists of about 40
kb and contains 11 exons. The length of these exons
and introns varies considerably, with the exons rang-
ing from 21 to 956 bp and the introns ranging from
approximately 0.5 to 19.8 kb. SCR I, II, and IV are
all encoded by single exons; however, SCR III is en-
coded by two separate exons, with the splice junction
occurring after the second nucleotide of the codon for
the glycine residue at position 34 of the consensus se-
quence. The structure of the DAF protein is also well
known today (Fig. 1; [62,65]). Every DAF molecule
possesses four units for the control of complement ac-
tivation following each other and that are designated
as “complement control protein repeats” (CCP) 1 to
4. Every CCP consists of 60 amino acids and contains
four cystein residues with always two of them being
linked together [84] leading to a special folding of the
CCPs [80]. Moreover, every DAF molecule disposes
of a region that is rich in serine and threonine proba-
bly serving as a spacer to guarantee the required po-
sitions of the CCPs [13,20]. Finally, most of the DAF
isoforms are linked to the cell membrane by a glycosyl
phosphatidylinositol (GPI) anchor following the four
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CCPs, and this region is rich in serine and threonine
[72].

Therefore, the molecular weight of the mature pro-
tein varies between 50 to 100 kDa in the different
cell types which show DAF expression. Studies have
shown that several smaller precursor forms are formed
during the biosynthesis of DAF. Initially a precursor of
43 kDa is synthesized passing over to a 46 kDa pre-
cursor form by an early posttranslational modification.
Finally, this transitional form is built up to the mature
molecule [15,63,84].

3. DAF is frequently expressed in human
malignancies

Like other complement inhibitors, DAF has been de-
tected in different malignancies such as CLL, CML,
ALL, AML, colorectal cancer, gastric cancer, thyroid
cancer, medullary thyroid cancer, malignant glioma,
breast cancer, renal cancer, non-small cell lung cancer,
ovarian cancer, cervical cancer and in cell lines derived
from those tumour types [10,27,31,44,51,66,78,79,86,
105,118,129]. DAF expression has also been found in
metastases of colorectal carcinomas [40]. Furthermore,
studies have shown that DAF expression is frequently
found within the stroma of colorectal tumors, which
was explained by cleavage from the cell membrane of
the tumour cells into the environment or secretion by
the tumour cells as a soluble form [58,81].

Some tumors did not solely express a single vari-
ant of DAF but also expressed different isoforms of
the protein (Fig. 2). Such isoforms can originate from
different glycosylation patterns of DAF in some cell
types like in some colorectal carcinoma cells [79]. In
mammary carcinomas different isoforms of DAF were
demonstrated to be due to alternative splicing [12].

4. DAF expression in malignancies is regulated by
low molecular weight factors

Several factors leading to overexpression of DAF
have been identified. IL-4, IL-1alpha and IL-1beta in-
crease DAF expression in intestinal epithelial cells and
human lung cancer cell lines [2,81,119]. The growth
factor EGF induced DAF expression in colorectal can-
cer cells through a MAP-kinase dependent pathway
[113]. Moreover, Prostaglandin E2 influenced expres-
sion of DAF in those tumors [39]. Some other cy-
tokines like TNF-alpha and IFN-gamma can also stim-

ulate DAF synthesis [71,108]. Thrombin as well as the
growth factor bFGF increased DAF expression by a
PKC dependent pathway [59,69]. Also PKC dependent
induction of DAF synthesis by VEGF in endothelial
cells [70] suggests a role of this protein in angiogene-
sis, the more so since DAF expression within quiescent
endothelium is comparatively low [70]. This is further
supported by the fact that cells of the breast cancer cell
line MDA 231 were shown to increase DAF expression
within tumor-associated endothelial cells by secretion
of factors like VEGF [58]. Furthermore, CD59, an-
other membrane complement regulatory protein, mod-
ulates DAF expression on human neuroblastoma cell
surfaces [16].

5. DAF acts in malignancies as an immune
modulator

Several functions have to be taken into consideration
explaining the role of DAF overexpression in malig-
nant tumours. The function the best known of DAF is
its role as a complement inhibitor. Indeed, this function
seems to be of high importance in melanomas, renal tu-
mors, thyroid, lung, squamous cell and cervical carci-
noma as well as in some haematological malignancies.
n line with its physiological role in some cell types,
increasing expression of DAF also decreases comple-
ment deposition on cell membranes as well as com-
plement mediated lysis in these tumours [17,46,47,70,
129]. It has also been shown that removal of DAF from
the cell membrane or neutralisation of the protein in-
creases the intensity of a local inflammatory reaction
as well as complement mediated cell lysis, and could
possibly also improve response to special therapeutic
strategies [11,26,32,46,47,53,67,70,118,127,129,131].
This is further supported by the fact that DAF de-
creases cell adhesion of T-lymphocytes to U-937 hu-
man leukemic cells [49]. Therefore, DAF mediated
decreased cell adhesion might be also play a role in
invasive tumour growth and formation of metastases.
DAF has also an inhibiting effect on natural killer cells
which could promote tumour initiation and primary
growth [24].

6. DAF induces tyrosine phosphorylation in
signalling pathways

The GPI-anchored and membrane linked form of
DAF is part of a signal transduction cascade leading
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Fig. 2. (A) Immunocytochemical demonstration of the decay-accelerating factor (red fluorescent staining in SK-BR-3 cell line (left). Western
blot analysis: differential expression of the DAF 45 kDa isoform was reflected by the detection of this protein in the invasive subclone SKBR3inv
(right). (B) Radioactive RNA in situ hybridisation (RISH) on freshly frozen tissue microarrays: tissue samples from 230 mammary carcinomas
and 10 normal mammary tissues (outlined in a black box, lower right) were analysed for the expression of different DAF splice variants. Tissue
samples with strong expression are depicted in black (left). The portion of the abridged DAF c-DNA sequence in which alternative splicing
occurs (right).

to tyrosine phosphorylation of several proteins. Spe-
cific phosphorylation occurred on tyrosine residues
of p56lck, the TCR-zeta chain and ZAP-70 in CD3-
positive Jurkat cells [103,115]. The molecules p56lck
and p59fyn1 are tyrosine kinases of the non-receptor
src-family [103,110,115]. Tyrosine kinases of the src-
family and especially p56lck and p59fyn play also a
decisive role in signal transduction in tumor cells [68,
117]. Thereby, the tyrosine kinase p56lck participates
in a signal cascade conveying active motility of breast
cancer cells [68]. Further studies have shown that DAF
dependent processes like those take also place in other

cells like HeLa cervical carcinoma cells and neoplastic
hematopoietic cells [90,103,104]. These processes can
be inhibited by removal of the GPI-anchor [103].

As GPI-anchored molecules are localised at the ex-
ternal part of the cell membrane and not all protein
tyrosine kinases possess an extracellular domain, it is
supposed that further proteins participate here possi-
bly building signal transducing complexes with DAF
and the associated protein tyrosine kinases [18,52,103,
109]. In any case, effects of DAF in cancer cells seem
to enclose functions within signal transduction beyond
its immune modulating effects.



J.-H. Mikesch et al. / The expression and action of decay-accelerating factor (CD55) 227

Fig. 3. Survey of the actions of decay-accelerating factor (DAF) in human malignancies. TKs = tyrosine kinases, NK-cells = natural killer cells.

7. DAF is the ligand of the seven-span
transmembrane receptor CD97

DAF has been identified as ligand of the surface re-
ceptor CD97 [29]. CD97 (EGF-TM7) belongs to the
family of class B seven-span transmembrane (TM7)
receptors predominantly expressed by cells of the im-
mune system. It was found that it plays an important
role for the migration of neutrophil granulocytes [57].
CD 97 is also ectopically expressed in human thyroid,
colorectal, gastric, and pancreatic adenocarcinomas,
and in esophageal and oral squamous cell carcinomas
[7,8,36,77,78,111]. In thyroid and colorectal adenocar-
cinomas expression of CD97 correlates with advanced
stage of the disease and increased dedifferentiation of
tumor cells as well as with their potential for inva-
sive growth, migration and formation of lymph node
metastases [7,36,78,111]. Furthermore, CD97 stimu-
lates angiogenesis [126] and in colorectal and gas-

tric carcinomas it is preferentially expressed in cells at
the invasive front of the tumors [8,111]. As its ligand
DAF [28,29,128] is also synthesized and secreted by
colorectal carcinoma cells [111], autocrine stimulation
may occur. Indeed, in gastric and colorectal carcino-
mas, the expression of DAF was associated with inva-
sion and metastasis [39,44,61]. A similar mechanism
might also take place in breast cancer cells as c-erbB-2-
positive mammary carcinoma cells showing increased
transendothelial invasiveness selectively over-express
and secrete a 45 kDa splice variant of DAF [12]. This
splice variant might participate in invasive growth of
these cells serving as an autocrine stimulus. Likewise,
this smaller splice variant in comparison to the 70 kDa
isoform of the protein might lack the GPI-anchor that
is essential for signal transduction by DAF leading to
a loss of inhibiting signals for migration and invasive-
ness of these cells.

The various actions of the DAF molecule in human
malignancies are summarized in Fig. 3.



228 J.-H. Mikesch et al. / The expression and action of decay-accelerating factor (CD55)

Table 1

Perspectives of DAF targeted therapies

Targeted cancer Therapeutic investigational design and benefit Reference

Stomach adenocarcinoma of
diffuse-type

Monoclonal antibody SC-1 against a gastric cancer specific
82 kD isoform of DAF; induced apoptosis in primary tu-
mours as compared to pre-treatment biopsy material in up
to 90% of the cases, regression of tumour mass up to 50%

[33,34,106,121,122,
124,125]

Metastasizing gastric cancer
in nude mice

Monoclonal antibody SC-1 against a gastric cancer specific
82 kD isoform of DAF; reduce the number of disseminated
tumor cells in the bone marrow

[42]

Non-Hodgkin’s lymphoma Rituximab (chimeric anti-CD20 monoclonal antibody); en-
hancement of complement-dependent killing activity of
Rituximab, by additional application of monoclonal anti-
DAF-antibody

[132]

Cervical cancer Monoclonal antibody against DAF showed the widest
range of specific reactivity

[41]

Renal cancer Bispecific antibodies binding DAF as well as renal tumour-
associated antigen G250; decrease of unwanted side effects

[11,33]

Osteosarcoma of children DAF as a cancer vaccine additionally applicated to myelo-
suppressive chemotherapy; Induction of T-cell proliferation
71% and antigen-specific gammaIFN secretion in 59% of
the cases; vaccination was well tolerated

[94]

Melanoma xenografts in im-
munodeficient mice

Coxsackievirus A21 infection; rapid viral oncolysis [1,6,100,102]

8. Future prospects: DAF in cancer diagnostics
and as a therapeutic target

Based on the frequent expression of DAF in hu-
man malignancies it might be a useful protein for di-
agnostics. For instance, DAF is frequently detectable
within the stool of patients with colorectal carcinomas
and might therefore contribute to the early diagnosis of
this disease [45,48,75,76,88]. Further studies have to
be performed to reveal whether DAF will also obtain
diagnostic relevance for other tumors, e.g. in immuno-
histochemistry or serum tumor marker diagnostics.

DAF may also serve as a potential target for molecu-
lar cancer therapy [106]. The monoclonal antibody SC-
1 has been identified to bind one isoform of DAF which
is expressed in gastric carcinoma leading to apopto-
sis of these cells [33,34,121,122,124]. In pilot clini-
cal trials, patients with poorly differentiated stomach
adenocarcinoma of diffuse-type were treated primarily
with the SC-1-antibody followed by gastrectomy and
lymphadenectomy. A significant induction of apop-
totic activity was observed in primary tumours as com-
pared to pre-treatment biopsy material in up to 90%
of the cases, and a significant regression of tumour
mass up to 50% was noted [123,125]. Moreover, Illert
et al. demonstrated that application of SC-1-antibody
therapy in nude mice with metastasizing gastric can-
cer could significantly reduce the number of dissem-

inated tumor cells in the bone marrow [42]. It has
also been shown that this therapeutical approach has
a comparatively low toxicity in humans [123]. Many
studies have tried to find new therapeutic strategies
against malignant tumors using monoclonal antibod-
ies against surface antigenes such as DAF [25]. Hsu et
al. developed monoclonal antibodies specifically label-
ing cervical cancer cells. Among those, the antibody
labeling DAF showed the widest range of reactivity
[41]. Other studies could show that the complement-
dependent killing activity of Rituximab, a chimeric
anti-CD20 monoclonal antibody, in the treatment of
non-Hodgkin’s lymphoma cells is enhanced by addi-
tional application of monoclonal anti-DAF-antibody
[132]. As DAF may also be physiologically expressed
in different cell types, use of bispecific antibodies bind-
ing DAF as well as another tumour specific antigen like
the renal tumour-associated antigen G250 might be a
solution to decrease unwanted side effects [11,33].

Pritchard-Jones et al. could show that additional
application of DAF as a cancer vaccine for young
osteosarcoma patients treated by myelosuppressive
chemotherapy induced significant T-cell proliferation
in 71% and antigen-specific gammaIFN secretion in
59% of the cases, and vaccination was well tolerated
[94].

It has been shown that DAF is a major cell attach-
ment receptor for Coxsackieviruses. Furthermore, in
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vitro studies established that human melanoma cells
endogenously express elevated levels of ICAM-1/DAF
and were highly susceptible to rapid viral oncoly-
sis by Coxsackievirus A21 infection, whereas ICAM-
1/DAF-expressing peripheral blood lymphocytes were
refractile to infection. In vivo studies revealed that
the tumor burden of immunodeficient mice bearing
multiple s.c. melanoma xenografts was rapidly re-
duced by oncolysis mediated by a single administra-
tion of Coxsackievirus A21 [1,6,100,102]. Interactions
of the viruses with DAF on the surface of tumour cells
play an important role there. Au et al. demonstrated
that intratumoral, intraperitoneal and intravenous ad-
ministration of coxsackie-A21-virus were equally ef-
fective in reducing the tumour volume of melanoma
xenografts expressing coxsackie-A21-virus cellular re-
ceptors ICAM-1 and DAF in immunodeficient mice
[6].

9. Conclusion

In conclusion, DAF which is physiologically act-
ing as an inhibitor of the complement system is also
broadly expressed in malignant tumours where DAF
seems to exert different functions beyond its immuno-
logical role such as inhibition of anti-tumour NK cell
activity, binding of viruses, oncogenic tyrosine kinase
pathway activation, and specific binding to seven-span
transmembrane receptors (CD97) binding for induc-
tion of cell migration. Therefore, DAF appears to be an
interesting target for further study in human malignant
tumors and might also become an important target for
therapeutic strategies in oncology.

References

[1] M.V. Agrez, D.R. Shafren, X. Gu, K. Cox, D. Sheppard and
R.D. Barry, Virology 239 (1997), 71–77.

[2] A. Andoh, Y. Fujiyama, K. Sumiyoshi, H. Sakumoto and T.
Bamba, Gastroenterology 111 (1996), 911–918.

[3] A.S. Asch, T. Kinoshita, E.A. Jaffe and V. Nussenzweig, J.
Exp. Med. 163 (1986), 221–226.

[4] S.S. Asghar, Lab. Invest. 72 (1995), 254–271.

[5] S.S. Asghar and M.C. Pasch, Front. Biosci. 5 (2000), E63–
E81.

[6] G.G. Au, A.M. Lindberg, R.D. Barry and D.R. Shafren, Int. J.
Oncol. 26 (2005), 1471–1476.

[7] G. Aust, W. Eichler, S. Laue, I. Lehmann, N.E. Heldin, O.
Lotz, W.A. Scherbaum, H. Dralle and C. Hoang-Vu, Cancer
Res. 57 (1997), 1798–1806.

[8] G. Aust, M. Steinert, A. Schutz, C. Boltze, M. Wahlbuhl, J.
Hamann and M. Wobus, Am. J. Clin. Pathol. 118 (2002), 699–
707.

[9] J.M. Bergelson, M. Chan, K.R. Solomon, N.F. St John, H.
Lin and R.W. Finberg, Proc. Natl. Acad. Sci. USA 91 (1994),
6245–6248.

[10] L. Bjorge, J. Hakulinen, T. Wahlstrom, R. Matre and S. Meri,
Int. J. Cancer 70 (1997), 14–25.

[11] V.T. Blok, M.R. Daha, O. Tijsma, C.L. Harris, B.P. Morgan,
G.J. Fleuren and A. Gorter, J. Immunol. 160 (1998), 3437–
3443.

[12] B. Brandt, J.H. Mikesch, R. Simon, A. Rotger, D. Kemming,
K. Schier, G. Sauter and H. Burger, Biochem. Biophys. Res.
Commun. 329 (2005), 318–323.

[13] W.G. Brodbeck, D. Liu, J. Sperry, C. Mold and M.E. Medof,
J. Immunol. 156 (1996), 2528–2533.

[14] I.W. Caras, M.A. Davitz, L. Rhee, G. Weddell, D.W. Martin,
Jr. and V. Nussenzweig, Nature 325 (1987), 545–549.

[15] I.W. Caras, G.N. Weddell, M.A. Davitz, V. Nussenzweig and
D.W. Martin, Jr., Science 238 (1987), 1280–1283.

[16] S. Chen, T. Caragine, N.K. Cheung and S. Tomlinson, Cancer
Res. 60 (2000), 3013–3018.

[17] N.K. Cheung, E.I. Walter, W.H. Smith-Mensah, W.D. Ratnoff,
M.L. Tykocinski and M.E. Medof, J. Clin. Invest. 81 (1988),
1122–1128.

[18] T. Cinek and V. Horejsi, J. Immunol. 149 (1992), 2262–2270.

[19] N.A. Clarkson, R. Kaufman, D.M. Lublin, T. Ward, P.A. Pip-
kin, P.D. Minor, D.J. Evans and J.W. Almond, J. Virol. 69
(1995), 5497–5501.

[20] K.E. Coyne, S.E. Hall, S. Thompson, M.A. Arce, T. Ki-
noshita, T. Fujita, D.J. Anstee, W. Rosse and D.M. Lublin, J.
Immunol. 149 (1992), 2906–2913.

[21] A.P. Dalmasso, Immunopharmacology 24 (1992), 149–160.

[22] L.S. Davis, S.S. Patel, J.P. Atkinson and P.E. Lipsky, J. Im-
munol. 141 (1988), 2246–2252.

[23] L.G. Durrant, M.A. Chapman, D.J. Buckley, I. Spendlove,
R.A. Robins and N.C. Armitage, Cancer Immunol. Im-
munother. 52 (2003), 638–642.

[24] R.W. Finberg, W. White and A. Nicholson-Weller, J. Im-
munol. 149 (1992), 2055–2060.

[25] Z. Fishelson, N. Donin, S. Zell, S. Schultz and M. Kirschfink,
Mol. Immunol. 40 (2003), 109–123.

[26] K.A. Gelderman, V.T. Blok, G.J. Fleuren and A. Gorter, Lab.
Invest. 82 (2002), 483–493.

[27] D. Guc, H. Canpinar, C. Kucukaksu and E. Kansu, Eur. J.
Haematol. 64 (2000), 3–9.

[28] J. Hamann, C. Stortelers, E. Kiss-Toth, B. Vogel, W. Eichler
and R.A. van Lier, Eur. J. Immunol. 28 (1998), 1701–1707.

[29] J. Hamann, B. Vogel, G.M. van Schijndel and R.A. van Lier,
J. Exp. Med. 184 (1996), 1185–1189.

[30] J. Hamann, J.O. Wishaupt, R.A. van Lier, T.J. Smeets, F.C.
Breedveld and P.P. Tak, Arthritis Rheum. 42 (1999), 650–658.

[31] T. Hara, A. Kojima, H. Fukuda, T. Masaoka, Y. Fukumori, M.
Matsumoto and T. Seya, Br. J. Haematol. 82 (1992), 368–373.

[32] C.L. Harris, N.K. Rushmere and B.P. Morgan, Molecular
and functional analysis of mouse decay accelerating factor
(CD55), Biochem. J. 341(Pt 3) (1999), 821–829.



230 J.-H. Mikesch et al. / The expression and action of decay-accelerating factor (CD55)

[33] F. Hensel, R. Hermann, S. Brandlein, V. Krenn, B.
Schmausser, S. Geis, H.K. Müller-Hermelink and H.P.
Vollmers, Lab. Invest. 81 (2001), 1553–1563.

[34] F. Hensel, R. Hermann, C. Schubert, N. Abe, K. Schmidt, A.
Franke, A. Shevchenko, M. Mann, H.K. Müller-Hermelink
and H.P. Vollmers, Cancer Res. 59 (1999), 5299–5306.

[35] S.J. Hinchliffe, O.B. Spiller, N.K. Rushmere and B.P. Morgan,
J. Immunol. 161 (1998), 5695–5703.

[36] C. Hoang-Vu, K. Bull, I. Schwarz, G. Krause, C. Schmutzler,
G. Aust, J. Kohrle and H. Dralle, J. Clin. Endocrinol. Metab.
84 (1999), 1104–1109.

[37] E.M. Hoffmann, Inhibition of complement by a substance iso-
lated from human erythrocytes-I, Immunochemistry 6 (1969),
391–403.

[38] E.M. Hoffmann, Inhibition of complement by a substance iso-
lated from human erythrocytes-II, Immunochemistry 6 (1969),
405–419.

[39] V.R. Holla, D. Wang, J.R. Brown, J.R. Mann, S. Katkuri and
R.N. DuBois, J. Biol. Chem. 280 (2005), 476–483.

[40] S.B. Hosch, P. Scheunemann, M. Luth, S. Inndorf, N.H.
Stoecklein, A. Erbersdobler, A. Rehders, M. Gundlach, W.T.
Knoefel and J.R. Izbicki, J. Gastrointest. Surg. 5 (2001), 673–
679.

[41] Y.T. Hsu, S. Mohanty, A. Litvinchuk and Q. Hou, Hybrid Hy-
bridomics 23 (2004), 121–125.

[42] B. Illert, C. Otto, H.P. Vollmers, F. Hensel, A. Thiede and W.
Timmermann, Oncol. Rep. 13 (2005), 765–770.

[43] T. Inaba, M. Mizuno, S. Ohya, M. Kawada, T. Uesu, J. Nasu,
K. Takeuchi, M. Nakagawa, H. Okada, T. Fujita and T. Tsuji,
Clin. Exp. Immunol. 112 (1998), 237–241.

[44] T. Inoue, M. Yamakawa and T. Takahashi, Expression of com-
plement regulating factors in gastric cancer cells, Mol. Pathol.
55 (2002), 193–199.

[45] N. Iwagaki, M. Mizuno, J. Nasu, H. Okazaki, S. Hori, K. Ya-
mamoto, H. Okada, T. Tsuji, T. Fujita and Y. Shiratori, J. Im-
munoassay Immunochem. 23 (2002), 497–507.

[46] K. Jurianz, S. Ziegler, N. Donin, Y. Reiter, Z. Fishelson and
M. Kirschfink, Int. J. Cancer 93 (2001), 848–854.

[47] K. Jurianz, S. Ziegler, H. Garcia-Schuler, S. Kraus, O.
Bohana-Kashtan, Z. Fishelson and M. Kirschfink, Mol. Im-
munol. 36 (1999), 929–939.

[48] M. Kawada, M. Mizuno, J. Nasu, T. Uesu, H. Okazaki, H.
Okada, H. Shimomura, K. Yamamoto, T. Tsuji, T. Fujita and
Y. Shiratori, J. Lab. Clin. Med. 142 (2003), 306–312.

[49] P.D. King, A.H. Batchelor, P. Lawlor and D.R. Katz, Eur. J.
Immunol. 20 (1990), 363–368.

[50] T. Kinoshita, M.E. Medof, R. Silber and V. Nussenzweig, J.
Exp. Med. 162 (1985), 75–92.

[51] K. Koretz, S. Bruderlein, C. Henne and P. Moller, Br. J. Can-
cer 66 (1992), 810–814.

[52] M. Kuraya and T. Fujita, Int. Immunol. 10 (1998), 473–480.

[53] M. Kuraya, E. Yefenof, G. Klein and E. Klein, Eur. J. Im-
munol. 22 (1992), 1871–1876.

[54] L. Kuttner-Kondo, V.B. Subramanian, J.P. Atkinson, J. Yu and
M.E. Medof, Dev. Comp. Immunol. 24 (2000), 815–827.

[55] D.W. Lawrence, W.J. Bruyninckx, N.A. Louis, D.M. Lublin,
G.L. Stahl, C.A. Parkos and S.P. Colgan, J. Exp. Med. 198
(2003), 999–1010.

[56] S. Lea, Biochem. Soc. Trans. 30 (2002), 1014–1019.

[57] J.C. Leemans, A.A. te Velde, S. Florquin, R.J. Bennink, K.
de Bruin, R.A. van Lier, T. van der Poll and J. Hamann, J.
Immunol. 172 (2004), 1125–1131.

[58] L. Li, I. Spendlove, J. Morgan and L.G. Durrant, Br. J. Cancer
84 (2001), 80–86.

[59] E.A. Lidington, D.O. Haskard and J.C. Mason, Blood 96
(2000), 2784–2792.

[60] M.P. Lisanti, I.W. Caras, M.A. Davitz and E. Rodriguez-
Boulan, J. Cell. Biol. 109 (1989), 2145–2156.

[61] Y. Liu, L. Chen, S.Y. Peng, Z.X. Chen and C. Hoang-Vu, J.
Zhejiang Univ. Sci. 6 (2005), 913–918.

[62] D.M. Lublin and J.P. Atkinson, Annu. Rev. Immunol. 7 (1989),
35–58.

[63] D.M. Lublin, J. Krsek-Staples, M.K. Pangburn and J.P. Atkin-
son, J. Immunol. 137 (1986), 1629–1635.

[64] D.M. Lublin, R.S. Lemons, M.M. Le Beau, V.M. Holers, M.L.
Tykocinski, M.E. Medof and J.P. Atkinson, J. Exp. Med. 165
(1987), 1731–1736.

[65] P. Lukacik, P. Roversi, J. White, D. Esser, G.P. Smith, J.
Billington, P.A. Williams, P.M. Rudd, M.R. Wormald, D.J.
Harvey, M.D. Crispin, C.M. Radcliffe, R.A. Dwek, D.J.
Evans, B.P. Morgan, R.A. Smith and S.M. Lea, Proc. Natl.
Acad. Sci. USA 101 (2004), 1279–1284.

[66] A. Mäenpää, S. Junnikkala, J. Hakulinen, T. Timonen and S.
Meri, Am. J. Pathol. 148 (1996), 1139–1152.

[67] T. Magyarlaki, S. Mosolits, F. Baranyay and I. Buzogany, Tu-
mori 82 (1996), 473–479.

[68] G.H. Mahabeleshwar, R. Das and G.C. Kundu, J. Biol. Chem.
279 (2004), 9733–9742.

[69] J.C. Mason, E.A. Lidington, S.R. Ahmad and D.O. Haskard,
Am. J. Physiol. Cell. Physiol. 282 (2002), C578–C587.

[70] J.C. Mason, E.A. Lidington, H. Yarwood, D.M. Lublin and
D.O. Haskard, Arthritis Rheum. 44 (2001), 138–150.

[71] J.C. Mason, H. Yarwood, K. Sugars, B.P. Morgan, K.A.
Davies and D.O. Haskard, Blood 94 (1999), 1673–1682.

[72] M.E. Medof, E.I. Walter, W.L. Roberts, R. Haas and T.L.
Rosenberry, Biochemistry 25 (1986), 6740–6747.

[73] M.E. Medof, E.I. Walter, J.L. Rutgers, D.M. Knowles and V.
Nussenzweig, J. Exp. Med. 165 (1987), 848–864.

[74] T. Miyata, N. Yamada, Y. Iida, J. Nishimura, J. Takeda, T.
Kitani and T. Kinoshita, N. Engl. J. Med. 330 (1994), 249–
255.

[75] M. Mizuno, N. Iwagaki, J. Nasu, H. Okazaki, K. Yamamoto,
H. Okada, T. Tsuji, T. Fujita and Y. Shiratori, Am. J. Gastroen-
terol. 98 (2003), 2550–2555.

[76] M. Mizuno, M. Nakagawa, T. Uesu, H. Inoue, T. Inaba, T.
Ueki, J. Nasu, H. Okada, T. Fujita and T. Tsuji, Gastroenterol-
ogy 109 (1995), 826–831.

[77] T. Mustafa, A. Eckert, T. Klonisch, A. Kehlen, P. Maurer, M.
Klintschar, M. Erhuma, R. Zschoyan, O. Gimm, H. Dralle, J.
Schubert and C. Hoang-Vu, Cancer Epidemiol. Biomarkers
Prev. 14 (2005), 108–119.

[78] T. Mustafa, T. Klonisch, S. Hombach-Klonisch, A. Kehlen, C.
Schmutzler, J. Koehrle, O. Gimm, H. Dralle and C. Hoang-
Vu, Int. J. Oncol. 24 (2004), 285–294.



J.-H. Mikesch et al. / The expression and action of decay-accelerating factor (CD55) 231

[79] M. Nakagawa, M. Mizuno, M. Kawada, T. Uesu, J. Nasu, K.
Takeuchi, H. Okada, Y. Endo, T. Fujita and T. Tsuji, J. Gas-
troenterol. Hepatol. 16 (2001), 184–189.

[80] Y. Nakano, K. Sumida, N. Kikuta, N.H. Miura, T. Tobe and
M. Tomita, Biochim. Biophys. Acta 1116 (1992), 235–240.

[81] J. Nasu, M. Mizuno, T. Uesu, K. Takeuchi, T. Inaba, S. Ohya,
M. Kawada, K. Shimo, H. Okada, T. Fujita and T. Tsuji, Clin.
Exp. Immunol. 113 (1998), 379–385.

[82] A. Nicholson-Weller, J. Burge, D.T. Fearon, P.F. Weller and
K.F. Austen, J. Immunol. 129 (1982), 184–189.

[83] A. Nicholson-Weller, J.P. March, C.E. Rosen, D.B. Spicer and
K.F. Austen, Blood 65 (1985), 1237–1244.

[84] A. Nicholson-Weller and C.E. Wang, J. Lab. Clin. Med. 123
(1994), 485–491.

[85] M.W. Nickells, J.I. Alvarez, D.M. Lublin and J.P. Atkinson, J.
Immunol. 152 (1994), 676–685.

[86] G.A. Niehans, D.L. Cherwitz, N.A. Staley, D.J. Knapp and
A.P. Dalmasso, Am. J. Pathol. 149 (1996), 129–142.

[87] M. Nonaka, T. Miwa, N. Okada and H. Okada, J. Immunol.
155 (1995), 3037–3048.

[88] S. Ohya, M. Mizuno, M. Kawada, J. Nasu, H. Okada, H. Shi-
momura, K. Yamamoto, T. Fujita and T. Tsuji, Acta Med.
Okayama 56 (2002), 171–176.

[89] K. Okuda, A. Kanamaru, E. Ueda, T. Kitani, N. Okada, H.
Okada, E. Kakishita and K. Nagai, Exp. Hematol. 18 (1990),
1132–1136.

[90] I. Parolini, M. Sargiacomo, M.P. Lisanti and C. Peschle, Blood
87 (1996), 3783–3794.

[91] J.M. Perez de la Lastra, C.L. Harris, S.J. Hinchliffe, D.S. Holt,
N.K. Rushmere and B.P. Morgan, J. Immunol. 165 (2000),
2563–2573.

[92] T. Pham, A. Kaul, A. Hart, P. Goluszko, J. Moulds, S. Now-
icki, D.M. Lublin and B.J. Nowicki, Infect. Immun. 63 (1995),
1663–1668.

[93] T.W. Post, M.A. Arce, M.K. Liszewski, E.S. Thompson, J.P.
Atkinson and D.M. Lublin, J. Immunol. 144 (1990), 740–744.

[94] K. Pritchard-Jones, I. Spendlove, C. Wilton, J. Whelan, S.
Weeden, I. Lewis, J. Hale, C. Douglas, C. Pagonis, B. Camp-
bell, P. Alvarez, G. Halbert and L.G. Durrant, Br. J. Cancer
92 (2005), 1358–1365.

[95] P.J. Robinson, Cell. Biol. Int. Rep. 15 (1991), 761–767.

[96] P.J. Robinson, M. Millrain, J. Antoniou, E. Simpson and A.L.
Mellor, Nature 342 (1989), 85–87.

[97] P.J. Robinson and S.C. Spencer, Immunol. Lett. 19 (1988), 85–
93.

[98] W.F. Rosse, Medicine (Baltimore) 76 (1997), 63–93.

[99] M. Sasaki, T. Joh, T. Tada, N. Okada, Y. Yokoyama and M.
Itoh, Histopathology 33 (1998), 554–560.

[100] D.R. Shafren, G.G. Au, T. Nguyen, N.G. Newcombe, E.S. Ha-
ley, L. Beagley, E.S. Johansson, P. Hersey and R.D. Barry,
Clin. Cancer Res. 10 (2004), 53–60.

[101] D.R. Shafren, D.J. Dorahy, R.F. Thorne, T. Kinoshita, R.D.
Barry and G.F. Burns, J. Immunol. 160 (1998), 2318–2323.

[102] D.R. Shafren, D.T. Williams and R.D. Barry, J. Virol. 71
(1997), 9844–9848.

[103] A.M. Shenoy-Scaria, J. Kwong, T. Fujita, M.W. Olszowy,
A.S. Shaw and D.M. Lublin, J. Immunol. 149 (1992), 3535–
3541.

[104] K. Shibuya, T. Abe and T. Fujita, J. Immunol. 149 (1992),
1758–1762.

[105] K.L. Simpson, A. Jones, S. Norman and C.H. Holmes, Am. J.
Pathol. 151 (1997), 1455–1467.

[106] I. Spendlove, L. Li, J. Carmichael and L.G. Durrant, Cancer
Res. 59 (1999), 2282–2286.

[107] A.P. Spicer, M.F. Seldin and S.J. Gendler, J. Immunol. 155
(1995), 3079–3091.

[108] O.B. Spiller, O. Criado-Garcia, S. Rodriguez De Cordoba and
B.P. Morgan, Clin. Exp. Immunol. 121 (2000), 234–241.

[109] I. Stefanova and V. Horejsi, J. Immunol. 147 (1991), 1587–
1592.

[110] I. Stefanova, V. Horejsi, I.J. Ansotegui, W. Knapp and H.
Stockinger, Science 254 (1991), 1016–1019.

[111] M. Steinert, M. Wobus, C. Boltze, A. Schutz, M. Wahlbuhl, J.
Hamann and G. Aust, Am. J. Pathol. 161 (2002), 1657–1667.

[112] B. Su, G.L. Waneck, R.A. Flavell and A.L. Bothwell, J. Cell.
Biol. 112 (1991), 377–384.

[113] K. Takeuchi, M. Mizuno, T. Uesu, J. Nasu, M. Kawada, S.
Hori, H. Okada, Y. Endo, T. Fujita and T. Tsuji, J. Lab. Clin.
Med. 138 (2001), 186–192.

[114] A. Tarkowski, C. Trollmo, P.S. Seifert and G.K. Hansson,
Rheumatol. Int. 12 (1992), 201–205.

[115] A.C. Tosello, F. Mary, M. Amiot, A. Bernard and D. Mary, J.
Inflamm. 48 (1998), 13–27.

[116] T. Uesu, M. Mizuno, H. Inoue, J. Tomoda and T. Tsuji, Lab.
Invest. 72 (1995), 587–591.

[117] A.C. Uhlemann, B. Brenner, E. Gulbins, O. Linderkamp and
F. Lang, Stimulation of TK1 lymphoma cells via alpha 4
beta 7 integrin results in activation of src-tyrosine- and MAP-
kinases, Biochem. Biophys. Res. Commun. 239 (1997), 68–73.

[118] S. Varsano, L. Rashkovsky, H. Shapiro, D. Ophir and T. Mark-
Bentankur, Clin. Exp. Immunol. 113 (1998), 173–182.

[119] S. Varsano, L. Rashkovsky, H. Shapiro and J. Radnay, Am. J.
Respir. Cell. Mol. Biol. 19 (1998), 522–529.

[120] G.T. Venneker, F.H. van den Hoogen, A.M. Boerbooms, J.D.
Bos and S.S. Asghar, Lab. Invest. 70 (1994), 830–835.

[121] H.P. Vollmers, J. Dammrich, F. Hensel, H. Ribbert, A. Meyer-
Bahlburg, T. Ufken-Gaul, M. von Korff and H.K. Müller-
Hermelink, Cancer 79 (1997), 433–440.

[122] H.P. Vollmers, J. Dammrich, H. Ribbert, E. Wozniak and H.K.
Müller-Hermelink, Cancer 76 (1995), 550–558.

[123] H.P. Vollmers, F. Hensel, R. Hermann, J. Dammrich, E. Woz-
niak, P. Gessner, B. Herrmann, U. Zimmermann and H.K.
Müller-Hermelink, Oncol. Rep. 5 (1998), 35–40.

[124] H.P. Vollmers, R. O’Connor, J. Muller, T. Kirchner and H.K.
Müller-Hermelink, Cancer Res. 49 (1989), 2471–2476.

[125] H.P. Vollmers, W. Timmermann, F. Hensel, B. Illert,
A. Thiede and H.K. Müller-Hermelink, Zentralbl. Chir.
125(Suppl. 1) (2000), 37–40.

[126] T. Wang, Y. Ward, L. Tian, R. Lake, L. Guedez, W.G. Stetler-
Stevenson and K. Kelly, Blood 105 (2005), 2836–2844.

[127] M.B. Whitlow and L.M. Klein, J. Invest. Dermatol. 109
(1997), 39–45.



232 J.-H. Mikesch et al. / The expression and action of decay-accelerating factor (CD55)

[128] M. Wobus, B. Vogel, E. Schmucking, J. Hamann and G. Aust,
Int. J. Cancer 112 (2004), 815–822.

[129] M. Yamakawa, K. Yamada, T. Tsuge, H. Ohrui, T. Ogata, M.
Dobashi and Y. Imai, Cancer 73 (1994), 2808–2817.

[130] A. Zaidi, F. Bhatti, M. Schmoeckel, E. Cozzi, G. Chavez,
J. Wallwork, D. White and P. Friend, Transplant. Proc. 30
(1998), 2465–2466.

[131] R.K. Zhong, R. Kozii and E.D. Ball, Br. J. Haematol. 91
(1995), 269–274.

[132] F. Ziller, P. Macor, R. Bulla, D. Sblattero, R. Marzari and F.
Tedesco, Eur. J. Immunol. 35 (2005), 2175–2183.

[133] C. Zurzolo, M.P. Lisanti, I.W. Caras, L. Nitsch and E.
Rodriguez-Boulan, J. Cell. Biol. 121 (1993), 1031–1039.


