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abstract

the stability of milk production, quality and content of recombinant human factor viii (rhFviii) in transgenic rabbits was deter-
mined. transgenic rabbits carrying the mouse whey acid protein promoter (mWaP) and human factor viii gene (hFviii) werehuman factor viii gene (hFviii) were were 
born after mating of transgenic and non-transgenic rabbits. PCr analysis of samples from F4 generation showed that the transgene 
was transmitted. Milk production, obtained at ��Milk production, obtained at ��th, �5th, 2�th and 3�th day of the first lactation by weight-suckle-weight method,� 
showed no significant difference between transgenic and non-transgenic does�� �o significant difference between transgenic and between transgenic and non-transgenic does�� �o significant difference between transgenic and�� �o significant difference between transgenic and 
non-transgenic rabbit milk composition was also found�� ELISA test confirmed rhFVIII at the level of 3 – 12 μg/ml�� Milk sample 
from non-transgenic rabbit was hFviii negative. in conclusion, the stabilty of hFviii transgene transmission and production of 
rhFVIII was confirmed in F4 generation of transgenic rabbits,� with lower efficiency than in F1,� F2 and F3 generations,� but without 
reduction in milk production.
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introduction

the mammary gland of farm animals is probably 
the most promising target tissue because it produces 
large amounts of protein in a temperature-regulated fluid 
that may be collected daily in a non-invasive fashion. 
transgenic animals used as bioreactors to produce 
human recombinant proteins represent a new horizon in 
animal husbandry, but are often followed by low viability 
of newborn animals. repercussions of that can also be 
irregular secretion and alteration of milk composition. 
Milk is usually the sole source of nourishment of young 
mammals, therefore offspring growth and development 

depends on milk. rabbit milk yield may be affected by 
breed of doe (Lukafahr et al., �983), nutrition (Chrastinova 
et al., �997), number of kids suckling and their age of 
weaning and pregnancy during lactation (Lukafahr et al., 
�983). intensive recombinant human protein production 
by mammary gland of transgenic rabbit necessitates 
the knowledge of the lactation curve and quality 
(composition) of milk as a possible effect of transgenesis 
on milk yield (Chrenek et al., 2��7a). Lactating rabbitLactating rabbit 
female can produce �7�-22�g of milk per day and yield 
up to ��kg of milk per year under semiautomatic hygienic 
milking conditions�� Some other criteria which influences other criteria which influences 
selection of the species for transgenesis are reproductive 
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capabilities focused on reproductive interval and number 
of offspring per litter (production of new generations 
with reasonable efficiency) with a stable transgene 
transmission in offspring’s genome.

this study demonstrates stability of content of 
recombinant factor viii in the milk of transgenic rabbits 
derived from F4 generation and compares milk production 
between transgenic and non-transgenic lactating females 
on the first lactation��

materials and metHods

biological material
transgenic rabbits derived from F4 generation 

were obtained following the mating of transgenic (F3 
generation) and non-transgenic rabbits. transgenic 
founders were produced by microinjection of mWaP-
hFviii gene construct into pronucleus of fertilized eggs 
(Chrenek et al., 2��5). PCr technique was used to detect 
mWaP-hFviii gene construct integration in the transgenic 
rabbit from F4 generation, as previously reported (Chrenek 
et al., 2��7b). the animals of about 4-5 months agethe animals of about 4-5 months age 4-5 months age 
weighing 3.5-4 kg of were used in this experiment. all 
females gave rise to 7-9 pups per litter. they were housed 
in individual steel cages, with adjacent boxes facilitating 
the separation of litter during entire experiment, in 
controlled environment (constant temperature and light-
dark regime). Food and water were offered ad libitum. 

milk production
rabbit pups’ milk consumption and litter growth 

were used to assess lactation performance. Measurements 
were realized in transgenic (n=3 females) and non-
transgenic (n=3 females) animals during first and second 
lactation. Body weight of pups was determined on day �, 
2, 5, ��, 2�, 3� post partum. it is known that rabbit pups 
are nursed only for about 3 min once every 24h. Milk 
consumption on �st lactation was assessed on day ��, 
2� and 3� post partum using the weight-suckle-weight 
method. Just before suckling, body weight of pups 
separated from their mother (24 h prior to suckling) was 
recorded and immediately after suckling the body weight 
of pups was again recorded. the difference between body 
weights reflected daily milk consumption (yield)��

rabbit milk analysis
Milk samples were collected (per ��ml) from 

each lactating transgenic and non-transgenic females 
on day 2� using �home made air vacuum pump�� from2� using �home made air vacuum pump�� from using �home made air vacuum pump�� from 
several parts (nipples) of mammary gland. in order to 
stimulate milk letdown, an intramuscular injection of 5 
iU of oxytocin (veyx Pharma, germany) was given, �� 
min before milk collection.

rabbit milk composition (content of fat, protein,(content of fat, protein, 

lactose, dry matter as solids non fat, SnF) was investigated was investigated 
by infrared absorption instrument (instrument Milko-
Scan Ft �2� Foss electric Denmark, according to the 
manufacturer´s manual). Determination of minerals in 
ash was done after annealing (Stn 57 �532) by atomic 
absorption spectrometer (UniCaM 939 Solar Stn 57 
�532).

statistics
Differences between the transgenic and non-

transgenic groups were determined by anova followed 
by Duncan´s multiple range test. Differences between 
groups at p<�.�5 were considered as significant�� 

detection of hPc gene expression 
elisa

Secretion of rhFviii into the transgenic milk 
was determined quantitatively using an eLiSa-kit 
(asserachrom Fviii:ag, Diagnostica Stago, France) 
as per the manufacturer´s manual. Milk samples were the manufacturer´s manual. Milk samples were Milk samples were 
diluted in the range of �:�� - �:2�.

results 

transgenic animal production
integration of mWaP-hFviii gene in ear samples 

of transgenic rabbits from F4 generation was detected 
by PCr (data not shown). the transgenic rabbits were 
apparently normal and crossing with non-transgenic 
male yielded litter of normal size without any disturbance 
during lactation. 

rabbit milk production
transgenic females showed gradual increase of 

milk production until day 2�th (�82 vs. 3�5 g) afterwards 
it was decreased next �� days upon the end of experiment 
(Table 1)�� �o significant differences in milk production 
were obtained between transgenic and non-transgenic 
females at the first lactation�� Milk production of 
transgenic females was comparable with those of non-
transgenic does.

table 1: milk production of transgenic and 
  non-transgenic does at 1st lactation (g) 

Female ��th �5th 2�th 3�th

transgenic
(n=3) �82��.2��.2 228��.4��.4 3�5��.���.� �68��.4��.4
non-transgenic
(n=3) �98��.4��.4 235��.2��.2 284��.2��.2 �57��.4��.4

rabbit milk composition
to analyze milk composition of transgenic and 

non-transgenic rabbit females, the content of fat, protein, 
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by next �� days (Lukafahr et al., �983; Chrastinova et al., 
�997). this observation is in agreement with our recent 
data on transgenic and non-transgenic rabbit milk yield in 
both of the investigated lactations (Chrenek et al., 2��7a). 
the peaks of milk production were at 3�5g and 284g for 
transgenic and non-transgenic females respectively on first 
lactation. these results are also consistent with previous these results are also consistent with previous 
reports, where 25� - 3��g yields for new zealand White 
(nzW) non-transgenic rabbits (Sanchez et al., �985) 
or 225 - 25�g yields for new zealand White crossbred 
with Californian rabbits (Partridge et al., �986) were 
obtained. our present observation is in accordance withur present observation is in accordance withobservation is in accordance with 
our previously published report (Dragin et al.2��4), where 
we compared milk yield of nzW transgenic rabbit females 
over-expressing mammary gland specific hPC (human 
protein C) with non-transgenic females. 

rabbit milk composition varies depending on 
various factors, such as breed, nutrition, lactation stage or 
number of pups (Chrastinova et al., �997). to investigate 
the difference in milk composition between transgenic 
and non-transgenic rabbit females derived from F4 
generation, basic analysis of milk was performed under 
same conditions. analysis of transgenic rabbit milknalysis of transgenic rabbit milk 
samples have showed that all the transgenic females 
tested in this work produced lower or higher concentration 
of rhFVIII ranged between 3 to 12�g/ml depending onranged between 3 to 12�g/ml depending on 
transgenic females with confirmed biological activitywith confirmed biological activity  
and no significant differences were found in the content 
of milk fat, protein and lactose. this concentration was 
lower compared to our previous results (Chrenek et al., 
2��5, 2��7b). the higher variability and lower rhFviii 
concentration in the F4 generation may be explained by 
different copies of integrated gene, the site of transgene 
insertion or its genomic environment, which could 
influence its expression (Salvo-Garrido et al��,� 2004)��.

In conclusion,� present study confirms the stability 
of rhFviii transgene transmission and proves that rhFviii 
can be steadily secreted over multiple generations without 
any interference on milk production and quality.
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table 3: concentration of rhfViii in milk of 
transgenic rabbit females (μg/ml) at several 
days of lactation

Female �5th 2�th 3�th

transgenic          (n=3) 3 �2 9

non-transgenic   (n=3) � � �

table 2:   milk composition of transgenic and non-transgenic rabbits on the day 20 at 1st lactation 

Females Fat
g/100g

Protein
g/100g

Lactose
g/100g

SnF
g/100g

transgenic               (n=3) ��.58��.25      9.85��.25      �.95��.�3        �2.68��.24

non-transgenic        (n=3) ��.68��.22 9.68��.�5 2.�6��.�3 �2.�9��.23

lactose and S�F was determined (Table 2)�� �o significant 
differences for analyzed traits between transgenic and 
non-transgenic rabbits from milk samples were found. 

detection of hfViii gene expression  
the concentrations of rFviii produced in 

the mammary gland of transgenic females from F4 
generation, determined by eLiSa, ranged between 3-�2 
�g/ml depending on lactation day (table 3)�� �o signal 
was detected in milk of non-transgenic females.

discussion

Stable transgene integration in transgenic rabbits 
using different gene constructs (hPC, hFviii) in different 
generations was also detected in the same laboratory 
(Chrenek et al., 2��2, 2��5, 2��6). zinovieva et al. 
(�998) obtained six generations of transgenic rabbits with 
stable integration and production of biologically active 
igF-� without any negative effect on their physiological 
or reproductive performance. Phenotypic and genotypic 
stability of hPC and hFviii gene expression has been 
reported in several multiple lines of transgenic animals 
including mouse and pigs (Chen et al., 2��2; Chrenek et 
al., 2��7b). our results correspond to data obtained from 
earlier studies.

Milk production of transgenic females was 
comparable with those of non-transgenic does. Schranner 
(�993) reported similar results (day �� - �.�8 kg, day 2� - �.2� 
kg, day 3� - �.�7 kg), and this observation is in agreement 
with previously published reports by other authors 
(Chrastinova et al., �997; Dragin et al., 2��4; Chrenek 
et al., 2��6). generally, rabbit milk yield shows gradualgenerally, rabbit milk yield shows gradual 
increase until 2�th day of lactation, afterwards it decreases 
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