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Abstract

Objective: The purpose of this study was to assess the feasibility of in utero stem cell transplantation of human umbilical cord 
blood stem cells in fetal sheep and to compare two different techniques of in utero transplantation, namely ultrasound-guided in utero 
transplantation and in utero transplantation after midline celiotomy.

Study design: Umbilical cord blood units were collected from term deliveries, after obtaining written informed consent. Human 
cord blood–derived, CD34+ stem cells were injected into the peritoneal cavity of 60- to 65-day-old ovine fetuses by using 2 different 
techniques: ultrasound-guided transabdominal percutaneous needle puncture and midline celiotomy with the exposure of the pregnant 
uterus. Engraftment was determined after birth by flow cytometry with use of human-specific anti-CD 34/45 antibodies. 

Results: We obtained a total of 3 chimeric lambs. Using the midline celiotomy technique the fetal loss rate was 75% and only 
33,3% when using ultrasound-guided transabdominal percutaneous needle puncture technique. Engraftment of donor cells was found 
in all fetuses, with a mean level of 1.4% in fetal peripheral blood and 3.3% in fetal bone marrow.

Conclusion: This preliminary study indicates that in utero stem cell transplantation of human hematopoietic cord blood stem cells in 
fetal lambs is feasible and effective in terms of hematopoietic engraftment. We also concluded that the ultrasound-guided transabdominal 
percutaneous needle puncture technique is more effective than performing a midline celiotomy in terms of fetal loss rate.
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Introduction

Stem cell transplantation has become a valid treatment option for genetic and malignant diseases of 

the hematopoietic and immune systems (1). In utero stem cell transplantation is a promising potential 

therapy for a number of these disorders and has several potential advantages over postnatal treatment 

(2). Its advantages are based on the unique opportunity provided by the normal haematological 

ontogeny. The early fetus is immunological immature and thus would theoretically accept foreign 

antigens (3). Additionally, once successfully transplanted, the intrauterine environment would protect 

the fetus during ongoing gestation from surrounding viral and bacterial infections. The major advantage 

would result from the early transplantation before definitive organ damage has occurred (3,4).

The development of an animal model of in utero transplantation of human stem cells has allowed 

investigators to study hematopoietic differentiation of human progenitor and stem cells (5). In addition, 

this system provides the opportunity to develop in utero stem cell transplantation as a therapy for 

genetic disorders of the human fetus (6).

The fetal sheep model has the advantages of similarity in development of fetal immunocompetence 

relative to gestational age compared with the early human fetus. Though the development of the 

immune system is not identical, the fetal lamb is tolerant to xenogeneic (eg human) stem cell 

transplantations before day 70 of gestation (7,8). Furthermore, the relatively long gestation allows 

the study of different strategies and repetitive transplantations (5).

In contrast to the small animal models, sheep have the advantage of body size. This allows studying 

technical issues, such as the ultrasound-guided collection of stem cells from the early ovine fetus or 

the injection techniques (9,10).

There are several routes and techniques of performing in utero stem cell transplantation: ultrasound-

guided transabdominal percutaneous needle puncture of the peritoneal cavity of the fetus; midline 

celiotomy with the exposure of the pregnant uterus followed by injection through the uterine wall 

into the peritoneal cavity of the lamb or direct ultrasound-guided injections into the intracelomic 

cavity of the fetus (11,12,13).

The aim of this study was to asses the feasibility of in utero human stem cell transplantation using 

an animal model and to compare two different techniques of performing in utero transplantation.

Materials and Methods

A. Human Cord Blood Stem Cell Collection and Isolation

Human cord blood from term deliveries were obtained after written informed consent in “Dominic 

Stanca” Clinic of Obstetrics and Gynecology, Cluj Napoca. 

Mononuclear cells were isolated from the cord blood by Ficoll-Hypaque method, washed, and 

resuspended in PBS (Sigma). Before transplantation, the CD34+ human cord blood stem cell graft was 

washed in phosphate-buffered saline solution (PBS from Sigma), and resuspended at a concentration 

of 1 x 106 per 1 ml IMDM (Sigma).

B. Fetal Sheep Recipients

10 Merinos sheep were selected for this study, divided into 3 groups. First group containing 4 

sheep was subject to in utero stem cell transplantation using the midline celiotomy tecnique; the 

second group of 3 sheep was exposed to in utero transplantation by ultrasound-guided transabdominal 

percutaneous needle puncture technique and the last group was used as a control. Pregnancy and 

the gestational age of the fetuses was confirmed by ultrasound examination.
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C. In utero stem cell transplantation

Animals were placed in dorsal recumbancy, and the lower abdomen and mammary glands shaven 

and sterilized. For ultrasound and transplantation, the table was adjusted such that the head was 

lowered relative to the uterus at a 30-degree angle, which significantly reduced the difficulties in 

obtaining a clear view of the fetuses.

1) The ultrasound-guided transabdominal percutaneous needle puncture technique: Trans-

abdominal ultrasound with a 3.5 MHz curved array probe (Hitachi) was used to determine the 

position and viability of the fetuses, and to measure crown-rump length to confirm the gestational 

age (figure 1). 

Fig. 1. Transabdominal ultrasound before in utero transplantation

A 20-gauge spinal needle was inserted through the skin 

and the uterine wall into the amniotic cavity and then 

into the peritoneal cavity of the fetuses under continuous 

ultrasound guidance by using the freehand technique. Care 

was taken not to insert the needle into the fetal liver. After 

confirmation of the appropriate positioning of the needle, 

the graft containing human stem cells was slowly injected 

in a total volume of 1 ml (figure 2).

During infusion, the distribution of the fluid in the 

peritoneal cavity could be observed. The fetus was then 

checked to ensure adequate heartbeat after transplantation, 

and anesthetic was withdrawn from the ewe. 

b) The midline celiotomy technique: After pre-surgical 

care and ultrasound examination, as described above, a 

midline celiotomy incision was performed using a blade 

and the pregnant uterus was delivered onto the operating 

field (figure 3). 

The fetal position was assesed by palpation and a 20-

gauge needle was inserted trough the uterine wall into the 

peritoneal cavity of the fetus. A content of 1ml stem cell graft 

was slowly injected followed by the retraction of the needle. 

Exposed uteruses were warmed with periodic lavages with 

warmed normal saline. Same as before, the fetus was then 

checked to ensure adequate heartbeat after transplantation, 

and anesthetic was withdrawn from the ewe.

Fig. 2. In utero transplantation using the ultra-
sound-guided transabdominal percutaneous 
needle puncture technique

Fig. 3. In utero transplantation using 
the midline celiotomy technique
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Ewes were monitored for 2 weeks after the procedure for behavior, health, food intake, and signs 

of spontaneous abortion.

D. Analysis of Human Stem Cell Engraftment

10 to 20 mL of peripheral blood and bone marrow aspirates were harvested from the previously 

transplanted lambs, and prepared according to standard procedures. Cells were stained with an 

antihuman antibody specific for the human leukocyte common antigen, CD45 (BD Biosciences, San 

Jose, Ca) and with an antibody specific for hematopoietic stem cells CD 34 (BD Biosciences, San 

Jose, Ca).

Data were analyzed on a BD FACS Canto II (BD Biosciences, San Jose, Ca). 

Results

In utero stem cell transplantation was performed in 7 ewes carrying a total of 7 fetuses (4 ewes 

from the first group and 3 ewes from the second group). The in utero stem cell transplantation was 

successfully at a 100% rate. 

Three lambs were born at term, corresponding to a fetal loss rate of 42,85% (3/7). The lost fetuses 

were either resorbed or aborted, mostly between 7 to 14 days after in utero transplantation. In the 

first group we had 2 abortions and 1 death, corresponding to a fetal loss rate of 75% (3/4) (ewes in this 

group were transplanted using the the midline celiotomy technique). The second group of ewes were 

transplanted using the ultrasound-guided transabdominal percutaneous needle puncture technique 

and here we had a fetal loss rate of 33.3% (1/3)

A total number of 3 lambs were available for engraftment analysis. Engraftment levels were 

between 1.3% and 1.4% of peripheral blood cells and between 3.3% and 3.7% of bone marrow cells 

(figure 4). 

Fig. 4. The results of the FACS analysis for peripheral blood and bone marrow

Discussion

We were able to show for the first time in an Romanien university that in utero transplantation of 

human CD34+ stem cells leads to successful engraftment in fetal sheep peripheral blood and bone 

marrow. The level of engraftment was low in our study. It was, however, not our main purpose to 

achieve high-level engraftment. Some groups have reported higher engraftment levels using human 

cells in preimmune fetal sheep (14). The low engraftment levels may be due to the lack of human 

stromal elements supporting hematopoietic cells in homing, proliferation, and differentiation. 

Cotransplantation of human stromal elements has been shown to increase engraftment levels (15).
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We used two different techniques for in utero stem cell transplantation, both of them prouving to 

produce engraftment of human stem cells in fetal lamb recipients. Comparing the two techniques in 

terms of fetal loss, we concluded that the ultrasound-guided transabdominal percutaneous needle 

puncture technique is more effective than

the midline celiotomy technique. 

This technique has a low fetal loss rate (33.3%), marginally above the natural loss rate. Although 

this natural loss varies between breeds, it is estimated to be between 15% to 20%. Our data prouved 

to be similar to the data already published (16).

The second technique used in our study had a fetal loss rate of 75%; our data was above the one 

reported in literature to be as high as 50% (11). 

The differences in fetal loss rate between the two techniques suggest that the surgical trauma 

associated with midline celiotomy and exposure of the pregnant uterus is more of a factor in fetal 

loss than specific effects that are due to the introduction of human cells in the sheep fetus.

Conclusion

In utero transplantation of hematopoietic stem cells has recently been shown to be an effective 

therapy for human fetuses affected by severe immunodeficiency (17) but not in nonimmunodeficient 

fetuses (eg, affected by hemoglobinopathy) (18). A valuable animal model is therefore crucial to 

develop improved strategies for clinical protocols aiming to improve engraftment levels to achieve 

clinical benefit. As described before, the fetal sheep model has several advantages over other animal 

models and has therefore become a valuable large animal model for prenatal stem cell transplantation 

(5,6).

In our study we obtained the first sheep chimeras in Romania, performing in utero stem cell 

transplantation of human hematopoietic stem cells from umbilical cord blood.

We have demonstrated for the first time in Romania that in utero stem cell transplantation into sheep 

fetuses at an early gestational age is feasible and it is associated with engraftment in hematopoietic 

tissues, such as bone marrow and peripheral blood. The relevance of the ovine animal model to 

evaluate human stem cell activity must be careffuly addressed in further studies with longer animal 

follow-up and secondary stem cell transplants.
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