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Abstract. The objective of this research was to study the expression of cell membrane molecules
CD9 and CD41/61 of transgenic rabbit with integrated human factor VIII (rhFVIII) gene construct. 
The expressions of these molecules have been monitored during two lactations of transgenic rabbits
and simultaneously compared with the expression of the same molecules of non-transgenic rabbits. 
The immunochemical analysis by indirect immunofluorescence, ELISA and indirect immunoper-
oxidase staining of blood cells and udder tissues show that the insertion of the WAP-hFVIII gene 
construct into the rabbit genome, do not influence the expression of cell membrane antigens CD9
and CD41/61 on the blood platelets, polymorphonuclear blood cells, milk somatic cells and mam-
mary gland tissues.
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The transgenic technology offers a great possibility for gen-
erating the animal models for human genetic diseases and 
for producing of economically important proteins by means 
of genetically engineered farm animals. Transgenic rabbits 
have recently been found to be suitable bioreactors for the 
production of pharmaceutical proteins and an excellent 
animal model for inherited and acquired human diseases 
(reviewed by Bősze et al. 2003). The rabbit mammary
gland has been successfully employed for the production 
of the pharmaceutically attractive human blood clotting 
factor VIII, using the transgenic rabbits with integrated 
mammary gland specific human factor VIII (hFVIII) gene
construct. Biologically active hFVIII was obtained from 
the transgenic rabbits prepared by introducing of gene 
construct into the pronuclei of rabbit zygotes (embryos) 

(Hiripi et al. 2003; Chrenek et al. 2005). The specificity of
recombinant hFVIII (rhFVIII) as well as the physiological, 
morphological and production characters of transgenic 
animals produced by Chrenek and co-workers have been 
studied. There were no differences in the essential physi-
ological functions of transgenic and untreated animals. 
However, significant differences have been noted in some
parameters of spermatozoa quality (Chrenek et al. 2007). 
The morphometrical analysis of histological preparations
of mammary gland and the milk composition analysis have 
revealed the differences in histological structure, the per-
centage of apoptic cells and in the content of milk protein 
(Chrenek et al. 2009).

The blood coagulation (clotting) is a complex cascade
process in which a set of blood factors are comprises. The
coagulation involves both a cellular (platelets) and protein 
(coagulation factors) components. The factor VIII is acti-
vated by von Willebrand factor at the beginning of coagu-
lation cascade. Some cell surface molecules (CD antigens) 
mediate the interaction of thrombocyte and coagulation 
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factors. CD41/CD61 (GPIIb-IIIa) is the major integrin 
on platelets and is important for platelet adhesion and ag-
gregation. The ligands for CD41/CD61 include fibrinogen,
von Willebrand factor, fibronectin and thrombospondin
(Barclay et al. 1997; Ni and Freedman 2003). The CD9
leukocyte differentiation antigen is also a major component
of the platelet membrane. The observation that CD9 and
CD41/CD61 are localized in the same intracellular struc-
tures and migrate to the same activation zones after platelet
stimulation suggested a close association between CD9 and 
CD41/CD61 in human platelets and of a possible involve-
ment of CD9 in adhesive functions of platelets (Brisson et 
al. 1997). Furthermore, different authors have shown that
most monoclonal antibodies against CD9 induce platelet 
activation and aggregation (Boucheix et al. 1983b; Griffith
et al. 1991).

In the current study, we investigated whether insertion 
of hFVIII gene construct into rabbit genome could modify 
the expression of thrombocyte surface molecules CD9 and 
CD41/CD61, taking part in the process of blood coagula-
tion.

Eight female rabbits of New Zealand breed, maintained 
in the Animal Production Research Centre Nitra, were 
used in these experiments. Four of them were transgenic 
founders with the WAP-hFVIII gene construct described by 
Chrenek et al. (2005) and four randomly selected untreated 
rabbits housed in the same conditions served as control 
animals. The gene construct composed from promoter of
mice whey protein (mWAP) and human blood clotting 
factor VIII, producing the factor VIII into milk during the 
lactation period. The blood and milk samples have been
collected at the 18th, 25th and 32nd day of the first lactation
and the 19th and 26th day of the second lactation.

The tissue samples for immunochemistry and blotting
from tissue homogenate have been taken after the killing
of animals. The milk samples from the lactating rabbits
were obtained by a vacuum pump. Ten minutes before the 
milking 5 IU of oxytocin was applied to each rabbits. The
samples were diluted 1 : 1 in solution of PBS and centri-
fuged at 1500 × g for 30 minutes. The fat from the upper
part of tubes were removed and cell pellets of skim milk 
have been collected, 2 times washed, and resuspended 
in the medium (PBS with 1.7 mmol/l sodium citrate, 
1.3 mmol/l citric acid, 2.2 mmol/l D-glucose, 20 mmol/l 
EDTA). Blood samples, collected with drawn blood from 
ear vein of rabbit into heparin containing flasks (10 IU/ml),
were centrifuged via Verografin (SPOFA, Czech Republic)
density gradient (Simon et al. 1991) to isolate the different
population of blood cells. The purity of isolated cells has
been controlled with staining the smears of cells by Pap-
penheim method. 

Hybridoma cell lines producing monoclonal antibodies 
(mAbs) recognizing the bovine cell surface molecules were 

obtained after immunisation of BALB/c mice with bovine
peripheral blood leukocytes using standard procedures for 
fusion of SP2/0 with splenocytes of immunised mice, selec-
tion and cloning of hybridomas (Kováčiková et al. 2001). 
In this study, the expression of CD9 and CD41/61 on rabbit 
cells has been determined by mAbs, being cross-reactive, 
recognizing the homologue CD molecules on rabbit blood 
and milk cells (Simon et al. 2009). 

For histochemical studies, series of cryostat 5–10 μm 
thick tissue sections were prepared from each sample of 
rabbit udder tissues with Leica cryocut 1800 cryostat. The
sections were fixed in cold ethanol-acetone mixture and
then processed using indirect immunoperoxidase test (Na-
kane and Pierce 1967). The sections were incubated with
the primary antibody, labelled with peroxidase-conjugated 
pig anti-mouse immunoglobulin (Ig) (Sevac), incubated 
in diaminobenzidine tetrachloride and contra stained by 
Harris’s hematoxylin.

Indirect immunofluorescence assay described by
Boucheix et al. (1983a) was used to test the binding of 
mAbs to blood leukocytes. The separated cells were incu-
bated with tested monoclonal antibody, and then treated 
with fluorescein isothiocyanate (FITC)-conjugated swine
anti-mouse Ig and the reactions examined under a Leica 
DM5500 epifluorescence microscope.

ELISA test was performed as previously described (Ken-
nett 1983). The wells in Terasaki microtiter plates were coated
with poly-L-lysine and left overnight at 4°C. To each wells the 
suspension of blood cells in PBS was added and incubated 
at laboratory temperature. Than the plates were incubated
with PBS containing glutaraldehyd (20 μl/10 ml PBS) and 
the open sites of plate were blocked with 0.1% gelatine in 
PBS. The aliquots of mAbs were added to each well and the
plates were incubated. Swine anti-mouse secondary antibody 
conjugated to horseradish peroxidase was used as secondary 
antibody. The peroxidase activity was detected using o-phe-
nylendiamine. Among the “steps” the plates were washed 
with 0.25% Tween 20 in 0.9% NaCl.

The presence of CD molecules in rabbit udder tissue
was tested by Western blot in protein extracts. Tissues were 
solubilised in lysis buffer (25 mmol/l Tris-HCl, pH 7.4; 154 
mmol/l NaCl; 5 mmol/l EDTA; 1% NP40; 2 mmol/l PMSF; 
cocktail of protease inhibitors), separated by SDS-PAGE 
(non-reduction conditions) (Laemli 1970) transferred on 
PVDF membrane (Towbin et al.1979) and analysed by im-
munoblotting with primary mAbs, followed by anti-mouse 
Ig alkaline phosphatase conjugate (Sigma, USA) and detected 
using BCIP/NBT.

Student’s t-test was used to compare the reactions of 
mAbs on rabbit and bovine cells in indirect immunofluo-
rescence. 

The monoclonal antibodies IVA-50, IVA-31, IVA-38,
IVA-125 detecting the cell membrane molecules CD9 
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and CD41/61 have been tested on each sample of control 
and transgenic rabbit blood cell populations and milk 
somatic cells. The reactions of four mAbs in indirect im-
munofluorescence and ELISA tests on the subsets of rabbit
leukocytes and milk somatic cells of control animals were 
compared with reactions on the same cell populations of 
transgenic rabbit cells. The data (percentage of stained
cells) obtained from various stages of the first and second
lactation were compared. No significant differences have
been shown among measurements during the lactations, 
therefore in Table 1, the pooled data (five sampling) of
the control group and the group of transgenic rabbits is 
compared. Comparison of the staining pattern and inten-
sity of reaction of the mAbs (immunofluorescence and
ELISA) revealed the high concordance of IVA-50 on the 
cells of both groups. Intensive reactions were observed on 
the platelets and less intensive staining (lower percentage 
of stained cells) on the granulocytes and no clear reac-
tion was observed on lymphocytes (data not shown in 
the Table 1). The reaction pattern of IVA-31 was similar
to that of IVA-50 but the staining was less intensive. The
expression of CD9 on rabbit leukocytes has demonstrated, 
as expected from the known distribution of human CD9 
(Barclay et al. 1997). The CD41/61 antigen recognized by
mAbs IVA-38 and IVA-125 is of a restricted distribution on 
granulocyte population being expressed mainly on platelets 
and monocytes/macrophages. The IVA-38 and IVA-125
are equally reactive on rabbit blood cells, on the control 
and transgenic animals apart from the platelets also with 
a small population of granulocytes. Since, the WAP-hFVIII 
gene construct is active in the lactation stage, releasing the 
hFVIII into the mammary gland secret, it was investigated 
whether the expression of two thrombocyte CD molecules 
on transgenic rabbit milk leukocytes was similar to their 
patterns on control animals. The immunofluorescence
analysis of milk somatic cells revealed that approximately 

45% of milk cells are positive for CD9 and 29% for CD41/61 
while no significant differences were noticed in the relation
control and transgenic rabbits. The higher percentage of
stained cells with CD9 antibodies is probably due to the 
reactivity of these antibodies with the major population 
of granulocytes and macrophages, while the expression of 
CD41/61 is restricted to the macrophages. The Pappenheim
staining has shown that in rabbit milk the predominant 
cell type were lymphocytes 54%, macrophages 33% and 
polymorphonuclear cells 11%. 

To study the expression of CD9 and CD41/61 in rabbit 
mammary gland tissue the four mAbs were tested simulta-
neously by immunoblotting and indirect immunoperoxi-
dase staining with tissue samples of both transgenic and 
non-transgenic animals. Reactions of the mAbs IVA-38, 
IVA-125 and IVA-31 in immunoblotting were weak and 
sporadic. Therefore, no appreciable data were obtained
from their testing. The Western blot analysis has shown

Table 1. Reactions of mAbs with milk somatic cells and blood cells of transgenic and non-transgenic rabbits 

mAb Specificity

Somatic cells (SCC) Blood granulocytes Blood platelets

Transgenic Non-trans-
genic Transgenic Non-trans-

genic Transgenic Non-trans-
genic

IF E IF E IF E IF E IF E IF E

IVA-50 CD9 45.30 ± 4.73 NT 47.40 ± 5.71 NT 80.60 ± 3.80 ++ 80.10 ± 4.45 ++ 92.20 ± 4.02 +++ 92.40 ± 2.98 ++

IVA-31 CD9 41.20 ± 5.18 NT 46.80 ± 5.39 NT 76.10 ± 3.95 + 76.30 ± 4.13 + 82.60 ± 4.32 ++ 83.00 ± 4.52 +

IVA-38 CD41/61 29.30 ± 3.86 NT 30.70 ± 2.05 NT 12.50 ± 3.10 +- 11.40 ± 2.63 + 92.70 ± 4.11 + 93.50 ± 2.91 ++

IVA-125 CD41/61 27.15 ± 3.72 NT 29.94 ± 2.99 NT 12.80 ± 4.18 + 13.00 ± 3.23 + 81.00 ± 3.262 + 80.00 ± 3.59 +

The values are % mean ± SD. mAb, monoclonal antibody; IF, indirect immunofluorescence; E, ELISA assay; NT, not tested. Intensity of
reaction: +++ intense, ++ moderate, + weak, +- very slight staining of some portion of cells. (The table shows the most frequent reac-
tion).

Figure 1. Reactivity of mAb IVA-50 (CD9) with detergent extracts 
of mammary gland tissues of four transgenic (T) and non-trans-
genic (K) rabbits.
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CD41/CD61 is expressed intensively, only on epithelial cells 
(Figure 2c,d).

In conclusion, these studies show that the insertion of 
the WAP-hFVIII gene construct (producing the hFVIII 
during the lactation) into the rabbit genome does not 
influence the expression of cell membrane antigens CD9
and CD41/61 on the blood platelets, polymorphonuclear 
blood cells, milk somatic cells and mammary gland tissues, 
measured by the applied detection methods (ELISA, indirect 
immunofluorescence, indirect immunoperoxidase test and
immunoblotting). In future, the study could be extended 
for larger group of animals including the evaluation of CD 
molecules expression in relation to the concentration of the 
rhFVIII in rabbit milk.

Figure 2. Immunohistochemical staining of rabbit mammary gland sections immunostained with mAbs. a. Non-transgenic rabbit IVA-
50 (CD9): reaction (staining) in 1, 2, 4. b. Transgenic rabbit IVA-50 (CD9): reaction (staining) in 1, 2, 4. c. Non-transgenic rabbit mAb 
IVA-125 (CD41/61): reaction (staining) in 4. d. Transgenic rabbit mAb IVA-125 (CD41/61): reaction (staining) in 4. 1, collagenous tissue 
(separating the lobules of glandular parenchyma from each other); 2, loose connective tissue (fills space between alveoli inside the lobules
of glandular parenchyma of mammary gland); 3, the lumen of alveoli; 4, secretory epithelial cells of alveoli. Scale bar = 100 μm. 

that the molecular weight of antigen recognized by IVA-
50 on rabbit mammary gland is in good agreement with 
the molecular weight of homologous CD9 molecules. The
IVA-50 in all samples (protein extracts) under non-reduc-
tion conditions recognized the band with molecular weight 
22–24 kDa (Figure 1).

Tissue sections from the same samples as for Western 
blotting were used in immunoperoxidase assay to test the 
immunoreactivity of IVA-50 (CD9) and IVA-125 (CD41/61) 
in transgenic and normal mammary gland tissues. The
staining pattern of the cryostat sections of both types of 
rabbits was very similar no clear differences were identified.
High expression of CD9 was found in the epithelial cells of 
alveoli and in the connective tissue (Figure 2a,b); while the 
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