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SUMMARY

Human membrane cofactor protein (MCP; CD46) is a widely distributed complement regulator. In the
mouse, expression of MCP is largely restricted to the testis while a related, widely expressed protein
(Crry) appears to perform MCP’s (CD46) regulatory activity. We have developed two mouse strains
transgenic for human MCP (CD46) utilizing an ~ 400kb YAC clone carrying the complete gene. A
third mouse strain was generated using an overlapping YAC clone isolated from a second library. The
expression of human MCP (CD46) in these mouse strains was characterized by immunohistochemistry,
FACS, Western blotting and RT-PCR. No differences were detected in the isoform pattern or
distribution among the three strains, although the expression level varied according to how many copies
of the gene were integrated. The expression profile closely mimicked that observed in humans, including
the same pattern of isoform expression as the donor. In addition, tissue-specific isoform expression in the
kidney, salivary gland and brain paralleled that observed in man. The transgenic mice expressed low
levels of MCP (CD46) on their E, in contrast to humans but in line with most other primates. These mice
should be a useful tool to analyse tissue-specific expression, to establish animal models of infections and

to characterize the role of MCP (CD46) in reproduction.
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INTRODUCTION

Human membrane cofactor protein (MCP; CD46) is a cofactor for
the factor I-mediated degradation of C3b and C4b deposited on
self-tissue [1-3]. In addition to this complement inhibitory
activity, MCP (CD46) serves as a receptor for several pathogens
including the measles virus [4-6], Streptococcus pyogenes [7],
Neisseria gonorrhoeae and meningitides [8] and Herpesvirus 6
[9]. It may also be involved in reproduction [10-12], being
heavily expressed on placental trophoblast tissue and on the inner
acrosomal membrane of spermatozoa. MCP (CD46) is expressed
on most every cell lineage as four isoforms that arise by
alternative splicing [13—16] (Fig. 1). MCP (CD46) of most cells
migrates on SDS-PAGE as a characteristic, broad, two band
pattern with ~M;s of 59,000—68 000 (upper band; BC1 and BC2
isoforms) and 51,000-58 000 (lower band; C1 and C2 isoforms)
[13]. The relative quantity expressed of these bands is genetically
controlled, being inherited in an autosomal codominant fashion:
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65% of the population express predominantly the upper BC form,
29% express both forms in approximately equal amounts and 6%
express the lower C form predominantly [17—-19]. Interestingly, in
the mouse, expression of MCP is largely restricted to the testis
[20] while a related widely expressed protein (Crry) performs
MCP’s (CD46) complement regulatory activity.

In collaboration with the groups of R. Cattaneo [21] and C.
Stephensen [Stephensen, Pinkert and Atkinson, unpublished], we
developed two mouse strains transgenic for human MCP (CD46)
by utilizing an ~400kb yeast artificial chromosome (YAC) clone
carrying the complete gene (Fig.2). The YAC clone was derived
from a library generated from the genomic DNA of a donor with
the most commonly expressed upper band predominant MCP
(CD46) phenotype [22]. An additional mouse strain was
developed by a third group using an overlapping ~420kb clone
isolated from a different YAC library [23]. Two of the mouse
strains have already been utilized to establish animal models of
measles virus infection [21,24]; however, only limited data
regarding the human MCP (CD46) expression pattern and
distribution is available. We have therefore further character-
ized human MCP (CD46) expression in these transgenic mouse
strains.

© 2001 Blackwell Science
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Fig. 1. Schematic diagram of the four commonly expressed isoforms of human MCP (CD46). All isoforms contain four complement control
protein repeats (CCPs) at the extramembranous amino-terminus. CCPs 1, 2 and 4 each bear one N-linked oligosaccharide. These CCPs are
followed by an alternatively spliced serine, threonine and proline rich region (STP-region), designated B and C. These regions are encoded
by single exons and contain O-glycosylation sites. C is expressed by all isoforms while B is alternatively spliced. Common to all isoforms is
a 12-aa juxtamembranous segment of unknown function (designated as ‘U’), followed by the transmembrane region (TM) and the
alternatively spliced carboxyl terminal cytoplasmic tail (CYT-1 or CYT-2). The U region and the tails arise from single exons and the TM

region from two exons.

MATERIALS AND METHODS

Mouse strains

MY II mice were a gift of Imutran LTD (UK) and described in
Yannoutsos et al. (1996) [23]. The YAC used to generate these
animals contains the entire MCP gene and has the Imperial Cancer
Research Fund (ICRF, London UK) reference YAC library
designation number AM2: 6C10. This YAC clone is not colinear
with the human genome due to triplication of a DNA region. The
hCD46Ge transgenic mouse line was generated as previously
described [21] using the YAC RCAI1 [22] with the designation
AS52H9 from the library of the Center for Genetics in Medicine of
the Washington University School of Medicine (St. Louis, MO).
The hCD46Ge animals breed normally but tend to become obese
after six months. Although the MY II animals do not develop
obesity, the MY II colony is more difficult to maintain due to
aggressive behaviour and frequent killing of the litters by both
parents (own observation and B. Mrkic, personal communication).
Mice created by the UAB Transgenic Animal/ES Cell Resource
were generated using YAC RCAL1 into a C57BL/6 x SIL F2 hybrid
strain. These animals were then backcrossed to a C57BL/6 x C3H
background. The UAB mice breed normally but show some
instability regarding the YAC clone integration and occasionally

converted to a negative phenotype (unpublished data). Animals
were maintained in the Animal Care Facility of the Washington
University School of Medicine (St. Louis, MO).

Antibodies and cell lines

The mouse monoclonal antibody TRA-2-10 was a gift of P.A.
Andrews (CD46) [25]. The anti-MCP (CD46) rabbit polyclonal
antiserum was produced by CytoMed (Cambridge, MA), and the
mouse monoclonal control antibody MOPC-21 was purchased
from Sigma (St. Louis, MO). Horseradish peroxidase linked
antirabbit IgGs (Amersham, Arlington Heights, IL) and biotinyl-
ated horse antimouse IgGs (Vector Laboratories, Inc., Burlin-
game, CA) were used as secondary Abs for Western blot analyses.
For FACS analysis, TRA-2-10 was FITC (Sigma) labelled
according to Current Protocols in Molecular Biology (Wiley
Interscience). PE-labelled Abs against mouse T cells (PE anti-
mouse CD3), B-cells (PE antimouse CD45R/B220) and neutro-
phils (PE antimouse Ly-6G) were purchased from PharMingen
(San Diego, CA). Abs against human T cells (PE antihuman CD3-
RD1) and B cells (PE antihuman B4-RD1) were purchased from
Coulter Corporation (Miami, FL). The Ab against human
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Fig.2. Schematic representation of the genetic elements used to generate the three MCP (CD46) transgenic mouse strains. The upper part of
the figure shows the part of chromosome 1, band 1q32, that contains the regulators of complement activation (RCA) gene cluster. The gene
sizes and intergenic distances of the members of the RCA cluster are drawn to scale and gene orientations are designated 5’ to 3’. Below are
shown the two YAC clones used to generate the three transgenic mouse strains. Both YACs contain a ~400 kb genomic insert that includes
the entire MCP (CD46) gene. While the alignment of YAC RCA1 with chromosome 1 is precise, the alignment of YAC AM2:6C10 is only
approximate as indicated by the dotted parentheses. The insertion sites of the YACs in the mouse genomes are not known. For the
designation and accession numbers of the two YAC clones see Materials and Methods.

neutrophils (PE antihuman CD116) was obtained from Dako
(Carpinteria, CA).

Chinese hamster ovary (CHO) cell lines transfected with
c¢DNA coding for the BC1, BC2, C1 or C2 isoform of MCP
(CD46) or the transfection vector alone have been described [26].
The cells were maintained in Ham’s F12 medium supplemented
with 10% FBS, 0-5 mg/ml geneticin, and 1 mM L-glutamine. The T
cell leukaemia cell line, Jurkat, was obtained from the American
Type Culture Collection (Manassas, VA). The cells were grown in
RPMI 1640 supplemented with 10% FBS, L-glutamine and
antibiotics. Tissue culture reagents were purchased from the
Tissue Culture Support Center at Washington University School
of Medicine.

Tissue collection and storage

Animals were sacrificed between six and 12 months of age by
cervical dislocation as approved by the Washington University
Animal Studies Committee and organs were dissected immedi-
ately under aseptic conditions. For protein and RNA purifications,
organs were cut into 3—4 mm® sized pieces, placed in RNase-free
cryotubes and snap frozen in liquid nitrogen. For immunohisto-
chemistry, entire organs were embedded in tissue molds (Miles,
Elkhart, IN) filled with OCT-compound (Tissue-Tek, Sakura
Finetek U.S.A, Inc., Torrance, CA) and snap frozen in ice cold
1-Butanol (Sigma). Human tissue samples were obtained from
the Department of Pathology and Immunology of the Washington
University School of Medicine (St. Louis, MO) and handled as

described for the mouse samples, with the exception that 1cm?
pieces were OCT-embedded for cryo-cutting. Samples were stored
at — 80°C.

RNA and protein purification

The TRIZOL reagent (GibcoBRL, Grand Island, NY) was used to
purify RNA and protein fractions from tissue samples or cell lines.
Frozen tissue cubes (~20mg) or pelleted CHO or Jurkat cells
(1 x 10° cells) were placed in 1 ml TRIZOL reagent, homogenized
using a portable, motorized tissue grinder (Pellet Pestle Motor,
Kontes, Vineland, NJ) and RNA and protein fractions were
extracted, according to manufacturer’s directions.

RT-PCT

One g of isolated RNA was used for RT-PCR analysis using the
Superscript™ One Step™ RT-PCR Kit (Life Technologies,
Rockville, MD) and the GeneAmp PCR System 9600 (Perkin-
Elmer, Foster City, CA). The 5’ primer (GTGGTCAAATGTC-
GATTTCCAGTAGTCG) anneals to a region in CCP 4 and the 3’
primer (CAGCCACATTGCAATATTAGCTAAGCCACA) anneals
to the 3’ untranslated region of the MCP transcript, allowing a
discrimination between the alternatively spliced four RNAs
coding for the corresponding MCP protein isoforms [13]. RT-
PCR was performed in a total reaction volume of 50 ul. Reaction
mixtures included 25 ul of 2X reaction mix, 1 ug RNA (1png/ul),
1 w1 of each sense and antisense primer (10 um), 1 wl of reverse
transcriptase/Tag mix and 21 wl of distilled water. RT-PCR
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protocol was as follows: the reaction mixture was incubated for
30min at 51°C to allow reverse cDNA transcription; an initial
denaturation step at 94°C for 2 min was followed by 40 cycles of
94°C for 155, 54°C for 30s, and 71°C for 1 min. The last cycle
included a final 10 min extension at 72°C. The PCR products were
separated by electrophoresis in 3% agarose gels and visualized by
ethidium bromide staining. To estimate the ratio of mRNA splice
variants of MCP (CD46) isoforms in tissue samples, gels of
control tissues were scanned utilizing the Chemilmager™ 4400
(Alpha Innotech Corporation, San Leandro, CA) and signal
intensity was determined for standards by spot densitometry with
the AlphaEase™ Stand Alone Software (Alpha Innotech Corpora-
tion). RNA ratios of tissue samples were also compared by visual
inspection.

Western blotting

Total protein extract (10 pug) was separated in an 8% SDS-
polyacrylamide gel under nonreducing conditions and then
transferred onto nitrocellulose membranes using the MiniCell II
wet blotting system from NOVEX (San Diego, CA). The
membranes were incubated for 1h at 37°C with rabbit polyclonal
antiserum to MCP (CD46) diluted 1: 5000 in TBS-T followed by
an incubation for 1h at room temperature with a horseradish
peroxidase (HRP)-conjugated donkey antirabbit IgG secondary
Ab (Amersham) diluted 1:3000 in TBS-T. The signal was
developed using the enhanced chemiluminescence kit from Pierce
(Rockford, IL) as per the manufacturer’s suggestion. The bands
were visualized by exposing the membranes to BioMax MR films
(Kodak, Rochester, NY). To estimate the ratio of upper and lower
MCP (CD46) isoforms in tissue samples, representative Western
blot films of control tissues were scanned for standards and tissue
samples were then compared by visual inspection.

Isolation of erythrocytes and white blood cells

To isolate mouse or human erythrocytes (E), 4 ml Histopaque
1119 (Sigma) was pipetted into a 15-ml centrifugation tube and
overlayered with 4 ml Histopaque 1077 (Sigma). Whole heparin-
ized mouse or human blood (500 wl) was added onto the upper
gradient of the tube and the E isolated, according to manufac-
turer’s protocol. The E samples were screened for platelet and
white cell contamination with Wright stain (Accustain, Sigma).
To isolate white blood cells from mouse or human blood, 200 w1
of whole blood was lysed for 10 min on ice in 10 ml E lysis buffer
(154 mM ammonium chloride, 10 mM potassium hydrogen carbo-
nate and 0-1 mm EDTA). The samples were centrifuged for 5 min
at 800 x g at 4°C, washed once with 10 ml E lysis buffer and then
suspended in the appropriate buffer for subsequent experiments.

Flow cytometry

E (5% 105), purified from mouse or human whole blood, were
incubated on ice with 3 ug FITC-labelled TRA-2—-10 diluted in
1 x PBS plus 3% FCS (PBS-F) for 30 min in a total volume of 100
1. The cells were washed three times in PBS-F, suspended in the
same buffer and analysed by FACScan. To target B cells, T cells
or neutrophils, cell aliquots (5 x 10° cells) were first incubated
with 2 ug of a species specific PE-labelled monoclonal antibody
against cell type specific markers for 30 min on ice in 100 wl
PBS-F. After washing the samples three times in PBS-F, 3 ug of
FITC-TRA-2-10 were added for 30 min on ice. The cells were
washed, resuspended in PBS-F and analysed by flow cytometry.

Immunohistochemistry
The protocol for indirect immunoperoxidase staining of tissue
samples has been published [27].

RESULTS

Differential mRNA splicing, protein expression and tissue
localization
Differential mRNA splicing and protein expression of human MCP
(CD46) in selected tissues of male and female animals were
compared among the three mouse strains. The relative abundance of
mRNA splice variants and the protein isoform expression patterns
in multiple tissues (summarized in Table 1) were similar for all
three strains (lung and kidney are shown as representative examples
in Fig. 3). No differences were detected between male and female
animals (Fig.3). The pattern and quantity of the mRNA splicing
products in each tissue (BC1 and BC2 were predominant for most
tissues) correlated with the protein isoforms (upper band pre-
dominant) and expression levels. Immunohistochemical analysis of
the tissue samples demonstrated a nearly identical pattern of MCP
(CD46) expression among the three strains (see below).

The quantity of mRNAs coding for the different MCP (CD46)
isoforms and the amount of expressed protein correlated with the

Table 1. Summary of protein and RNA patterns of MCP in tissues of
hCD46Ge mice*

Protein forms
(% in upper RNA

Tissuef and lower forms) (% in each transcript)
Kidney >90 (BC2)% BC2: >90; BC1/C1/C2: <10
Liver 80/20 BC2:80; BC1:10; C1/C2:10
Lung 70/30 BC2; 70; BC1:20; C1/C2:10
Brain (cerebellum) >90 (C2)% C2:80; BC1/BC2/C1:20
Stomach (fundus) >90 (BC2)% BC2: >90; BC1/C1/C2: <10
Spleen 80/20 BC2:70; BC1:20; C1/C2:10
Heart 40/60 All four in equal amounts
Testis Two lower forms§ BC2:70; BC1, C1, C2:30q
Ovary 70/30 BC2:70; BC1:20; C1/C2:10
Pancreas >90/10 Not determined
Adrenal gland 70/30 BC2:70; BC1:20; C1/C2:10
Salivary gland >90 (BC2)% BC2: >90; BC1/C1/C2: <10
Duodenum 90/10 BC2: >90; BC1/C1/C2: <10
Colon 90/10 BC2: >90; BC1/C1/C2: <10
Thyroid 70/30 BC2:70; BC1:20; C1/C2:10
Skeletal muscle 70/30 BC2:70; BC1:20; C1/C2:10
Fat 70/30 BC2:70; BC1:20; C1/C2:10
Skin 70/30 BC2:70; BC1:20; C1/C2:10

*RNA gels and Western blot films of control tissues were scanned and
signal intensity was determined for standards. Protein and RNA ratios of
tissue samples were based on visual inspection. The obtained numbers
were rounded off to the nearest 10%. U, Upper forms, BC1 and BC2; L,
Lower forms, C1 and C2.

A minimum of two samples from two different animals was analysed.

iBased on published data and RT-PCR analysis, this is the most likely
protein form expressed.

§Only two lower protein forms with M,s of 41 and 37 x 10* have been
detected in the testis.

JA longer 5th transcript of ~ 750 bases was also detected in the
testis.
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Fig.3. Semiquantitative comparison of the mRNA splice variants of the human MCP (CD46) gene (a) and the tissue-specific expression of
the protein isoforms (b) in lung and kidney of the three transgenic mouse strains. Total protein and RNA fractions were isolated from snap
frozen lung and kidney tissue of male and female animals of all three mouse strains (MY II, hCD46Ge and UAB), from Jurkat cells and from
CHO cells transfected with cDNAs coding for the BC1, C1, BC2 or C2 isoform. For RNA analyses, 1 ug was used to perform RT-PCRs (a).
For PCR amplification, primers annealing to CCP 4 and the 3’ (untranslated region of MCP (CD46) were used (see Materials and methods).
For protein analyses 10 wg of total protein extract were separated by SDS-PAGE under nonreducing conditions and Western blotted with
polyclonal anti-MCP (CD46) Ab (b). The slight differences in the M, of the upper and lower MCP (CD46) protein forms (for example,
between Jurkat and CHO cells) are commonly seen among various types of cells and reflect distinct branching patterns of the N-linked

sugars [33].

number of inserted human MCP (CD46) genes. As determined by
Southern blotting (not shown), MY II mice contain 10—12 copies
in their diploid genome and showed the strongest MCP (CD46)
RNA and protein expression; hCD46Ge mice possessed two
copies per diploid genome [28] and demonstrated RNA and
protein expression comparable to that observed in matched human
tissue; while the UAB strain, having integrated one or two copies
per diploid genome, was the lowest expressor (Fig. 3). Nontrans-
genic control animals showed no MCP (CD46) specific RNA or
protein expression.

Comparison of the MCP (CD46) expression profile between the
transgenic mice and humans

MCP (CD46) migrates on SDS-PAGE as two characteristic broad
bands (i.e. upper and lower isoforms) and the relative quantity
expressed is inherited in an autosomal codominant fashion [17-19].
The DNA employed to generate the MCP (CD46) containing
YAC clone was obtained from an upper band predominant donor
[22]. The ability of the inserted YAC fragment to confer human-
like tissue-specific expression was tested by analysing the relative
abundance of the mRNA splice variants and the protein expression
patterns and distribution in the transgenic mouse strains in
comparison to an Epstein-Barr virus transformed B lymphocyte
cell line derived from the DNA donor and to matched human
tissues obtained at autopsy. Most tissues of both mouse strains

obtained from YAC RCA1l demonstrated the upper band
predominant pattern at both the mRNA and protein levels,
reflecting that of the donor’s DNA. Figure 4 shows the ratio of the
mRNA splicing products and corresponding protein pattern
produced in the multiple tissues of hCD46Ge mice. The upper
band predominant pattern was observed in liver, lung, spleen and
ovary as it was in most other tissues (Table 1). In addition, tissue-
specific expression of the BC2 isoform in the kidney, the C2
isoform in the brain [29], and the BC2 isoform in the salivary
gland paralleled that found in humans [30,31].

During this survey, additional tissues with specific MCP
(CD46) mRNA splicing and isoform expression patterns were
identified: namely, all four isoforms were detected in equal
amounts in heart tissue (Fig.4); the stomach, duodenum, colon
and pancreas demonstrated preferential BC2 isoform expression in
higher amounts than expected (Table 1).

In human testis, MCP (CD46) displayed the characteristic four
band mRNA splicing pattern with predominant BC2 and BCl1
transcripts and the corresponding upper band predominant protein
pattern with the major band having an M; of 65k and minor band
of 55k [31]. Testicular tissue of the transgenic mouse strains also
expressed an upper band predominant RNA and protein pattern,
but the two protein forms had lower M,s (41 and 37 kb) (Fig. 4b).
Also, in addition to the processed transcripts coding for the four
usual isoforms, a fifth mRNA splice variant of approximately 750
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Fig.4. mRNA splice variants (a) and tissue-specific protein isoform expression pattern (b) of the human MCP (CD46) gene in selected

tissues of hCD46Ge mice. Methods as per Fig. 3.

bases was detected in the testis of the transgenic mice (Fig.4a).
These differences in splicing and protein expression between
human and transgenic mouse testes are being assessed.
Histochemical analysis of multiple transgenic mouse tissues
indicated that distribution of MCP (CD46) in these transgenic
animals parallels the expression pattern observed in humans. MCP
(CD46) was detected on most epithelial, endothelial and paren-
chymal cells with high levels of expression on the endothelial lining
of capillaries and other blood vessels (Fig. 5). Intense staining was
also observed in the glomeruli and tubular epithelial cells of the
kidney (Fig. 5b) and on the epithelium in exocrine glands and ducts
and on the islet cells of the pancreas (not shown). Moderate
expression was detected on hepatocytes and bile duct epithelial
cells (Fig.5d) and on submucosal endothelial vessels and mucosal
epithelium in the stomach (not shown). Endothelial cells and glial
cells in the brain demonstrated weak MCP (CD46) expression
(Fig. 5¢) as did the alveoli and bronchi in the lung and lymphocytes
and vascular endothelium in the spleen. Small amounts of MCP
(CD46) were found in skeletal and cardiac muscle (not shown).

Expression of MCP (CD46) on peripheral blood cells and
erythrocytes
The expression of MCP (CD46) on peripheral blood cells of the
three transgenic mouse strains was measured by flow cytometry.
B cells, T cells and neutrophils of hCD46Ge mice (mean fluores-
cence, 20) reached levels comparable to those on human cells
(mean fluorescence, 24) (Fig.6). In accord with the results
employing other types of tissue samples, MY II animals expressed
about 10 times more MCP (CD46) on peripheral blood cells (mean
fluorescence, 170), and the UAB strain showed the lowest amount
(mean fluorescence, 7; data not shown).

In contrast to humans but similar to many primate species

[32], the transgenic mice expressed MCP (CD46) on their E
(Fig. 6). The expression level was about 10% of that observed on
leucocytes. E were also solubilized and subjected to Western blot
analysis (Fig. 7). The isoform pattern detected on E was like most
other tissues, being the upper band predominant pattern.

DISCUSSION

Several groups have generated MCP (CD46) transgenic mouse
strains by transferring cDNA fragments coding for one of the four
isoforms with either the endogenous MCP (CD46) promotor [34] or
a heterologous promotor [35-37]. In several cases, these animals
showed negligible expression [36,37] while in others expression of
the single isoform was observed [34,35]. In order to reproduce more
closely the natural pattern of gene expression, we generated three
transgenic mouse strains (hCD46Ge; MY II; UAB) by the insertion
of the entire human gene. We then performed a comparative
examination of MCP (CD46) expression in the three independently
derived strains. This comparison did not include a fourth strain
generated using a 80-kb genomic fragment [38].

We found that MCP (CD46) was expressed on all cells and
tissues analysed. The ratios of the mRNA splicing variants, the
protein patterns and the tissue distribution were similar among
the three strains and they closely matched human control tissues.
The differences in the quantity of the differentially spliced mRNA
forms and protein expressed among the strains correlated well
with the number of inserted genes. The hCD46Ge animals breed
normally and, with two integrated genes per diploid genome, most
closely mimic the human MCP (CD46) expression profile. They
do though tend to become obese after six months. Although the
MY II demonstrate higher protein expression, the MY II colony is
more difficult to maintain. The UAB mice breed normally but
show the lowest expression levels and tend to convert to the

© 2001 Blackwell Science Ltd, Clinical and Experimental Immunology, 124:180—189
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Fig. 5. Immunohistochemistry of human MCP (CD46) in representative cryosections of kidney, liver and brain from an hCD46Ge animal.
Tissue sections (7 micron) were immunostained with a monoclonal mouse antihuman-MCP (CD46) Ab (TRA-2-10). In the kidney MCP
(CD46) is expressed in the glomerulus and on the tubular epithelial cells (b). In the liver MCP (CD46) was detected on the hepatocytes and
the bile duct epithelial cells (d); in the brain (cerebellum) on endothelial and glial cells (f). The corresponding kidney (a), liver (c) and brain
(e) sections of a nontransgenic animal demonstrated no staining for MCP (CD46). Magnification x 100.

heterozygous state. In addition to the human MCP (CD46) gene,
the RCA1 YAC clone encodes a carboxyl portion of the CR1 gene
and the entire MCP-like and CR1-like genes, which are partial
duplications [22]. No MCP-like or CR1-like proteins have been
detected in any human tissues tested and the RNA transcription
analysis of several tissues from hCD46Ge mice with MCP-like

and CR1-like specific primers revealed no transcription of these
human genes (unpublished observations). The adjacent sequences
to the MCP (CD46) gene in the YAC AM2:6C10 have not been
further characterized [23] but neither of the tested MY II mice
showed RNA transcripts coding for human CR1, CRI1-like or
MCP-like (unpublished data).

© 2001 Blackwell Science Ltd, Clinical and Experimental Immunology, 124:180—189
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Fig. 6. MCP (CD46) expression on peripheral blood cells of hCD46Ge animals. Leukocytes and erythrocytes were purified from whole
blood samples of an hCD46Ge animal, a nontransgenic mouse of a similar genetic background (Swiss Webster) and a human donor. E were
incubated with FITC-conjugated monoclonal mouse anti-MCP (TRA-2-10) and subjected to flow cytometric analysis. To target B
lymphocytes, T-lymphocytes and neutrophils in the white cell population of mouse and human blood, aliquots of each sample were first
incubated with a species specific PE-labelled monoclonal antibody against cell type specific markers (see Materials and Methods), incubated
with FITC-TRA-2-10 and then stained cells were analysed by FACS. Dead cells were excluded by propidium iodide staining. Background
control histograms (samples incubated only with PE-labelled cell marker specific Abs) are not filled. Results are representative of three

experiments.

The inserted YAC fragments confer human-like expression of
MCP (CD46) in these mice including the donor’s upper band
predominant protein pattern on most cells and tissues. Also, the
tissue-specific expression of isoforms in selected tissues was
faithfully reproduced in multiple tissues. In the fetal heart,
however, the lower band predominant pattern is expressed,
independent of the MCP (CD46) genotype [39]. As demonstrated
herein, the isoform pattern in the adult heart also differs from the
MCP (CD46) phenotype of other organs. The functional conse-
quences of these findings are not known yet. However,
accumulating data suggest differences in function among iso-
forms, i.e. the ability to trigger distinct signalling pathways
[40,41], and the quantitative altered phenotypic expression of
MCP (CD46) in the heart may therefore be of considerable
importance. Another interesting variation in the MCP (CD46)
mRNA splicing and protein expression pattern occurred between
human and transgenic mouse testes. Since the murine MCP
(CD46) homologue is only abundantly expressed in the testis [42],
the transcription or translation of the endogenous mouse MCP
(CDA46) gene may interfere with the expression of the human gene.
We are currently further characterizing MCP (CD46) expression
in the testis.

The hCD46Ge strain, with two copies of the MCP (CD46)
gene, expressed similar levels of MCP (CD46) on peripheral
blood cells as observed in humans. Surprisingly though, low levels
were detected on the E of all three mouse strains. A recent
publication by Oldstone et al. [24] also noted MCP (CD46) on the
E of MY II animals. In humans, E are the only peripheral blood
cell type that do not express MCP (CD46). However, Old and
New World monkeys express MCP (CD46) on their E [32]. The
expression of MCP (CD46) on the E of the MCP transgenic mice
may occur because regulatory elements which silence expression
on human E are not located on the YAC clones or because of a
species-specific incompatibility between the human regulatory
sequences and the mouse transcriptional and/or translational cell
apparatus which prevents E-specific MCP (CD46) gene silencing.

The data obtained in this study indicate that most elements
necessary for the tissue-specific expression of the human MCP
(CDA46) gene were transferred to the mice and that the expression
profile in these animals closely mimics that observed in humans.
These mice have already been [21,24,43] and will continue to be a
useful tool to further analyse the significance of tissue-specific
isoform expression patterns and to generate additional suitable
small animal models for infections with pathogens that use MCP

© 2001 Blackwell Science Ltd, Clinical and Experimental Immunology, 124:180—189
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Fig.7. Detection of human MCP (CD46) on E of the three transgenic mouse strains. E were purified from whole mouse and human blood
samples by centrifugation through Histopaque gradients. After hypotonic lysis, membranes were solubilized and an equivalent of 1 x 10°
cells was separated by SDS-PAGE under nonreducing conditions. The samples were characterized by Western blotting using a polyclonal
antihuman-MCP (CD46) Ab. Mixtures of recombinant isoforms of human MCP (CD46) (i.e. BC1/BC2 and C1/C2) expressed in CHO cells
were used as controls. The relative sharp bands seen in E preparations of the three transgenic strains tested imply a distinct glycosylation

pattern.

(CD46) as a receptor. We also plan to utilize these mice for the
characterization of MCP (CD46) expression during embryonic
development. In particular, by crossing MCP (CD46) transgenic
mice with Crry knock out mice (the Crry /™ animals have an
embryonic lethal phenotype due to the lack of protection of the
placenta against complement attack [44]), we hope to further
demonstrate a critical role for complement regulatory proteins in
protecting reproductive tissue.
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