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ABSTrACT

Background: In-utero xenotransplantation of stem cells in abnormal fetuses effectively treats several genetic illnesses. 

Objective: The current research aimed to evaluate structural and morphological alterations in the liver of rabbit 
fetuses following xenotransplantation of human Wharton’s jelly-derived mesenchymal stromal cells (hWJ-MSCs), 
using a stereological technique.

Methods: All hWJ-MSCs were isolated from the human umbilical cord, and their authenticity was established by flow-
cytometry and differentiation. At gestational day 14, the rabbits were anesthetized, and hWJ-MSCs were injected into 
the uteri of 24 fetuses. Twenty-two fetuses were born successfully. Ten rabbit liver specimens were prepared from 
injected fetuses including; eight rabbits on day three following birth and two rabbits on the 21st post-natal day. The 
non-injected fetuses were considered positive controls. The livers of the control and hWJ-MSCs-treated rabbits were 
fixed, processed, stained, and examined through stereological approaches.

Results: In the hWJ-MSCs-treated group, the mean liver weight and volume increased by 42% and 78% compared 
to the control group. The total volume of the hepatocytes increased  by 63%, and that of sinusoids by three folds in 
the treated rabbits. The total volume of the central veins increased by 70%. The total number corresponding to hepa-
tocytes in the experimental group increased by 112% compared to the rabbits in the control. The total volume of the 
hepatocyte nuclei in the experimental group increased by 117% compared to the rabbits in the control.

Conclusion: After xenotransplantation of human MSCs, host tissue microenvironments (here, the rabbit liver) were 
altered and these included quantitative factors corresponding to the liver tissue and hepatocyte morphometric in-
dices. 
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InTrODuCTIOn

Liver function is crucial in maintaining 
body homeostasis, while their disor-
ders cause significant morbidity and 

mortality [1]. Liver transplantation has long 

Original Article

been considered as the only curative option for 
acute or chronic liver disorders in its progres-
sive phases [2]. While liver transplantation 
is generally involved with critical concerns; 
regenerative treatments have been known as 
minimally invasive procedures with few ad-
verse effects [3, 4].

In this context, stem cells with diverse origins 
have been studied for curing hepatic diseas-
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es [5, 6]. Stem cells can be easily harvested, 
proliferated, and bare vast differentiation ca-
pacities [7, 8]. Wharton’s jelly mesenchymal 
stromal/stem cells (WJ-MSCs), which are 
derived from the umbilical cord matrix, have 
been considered as one of the best sources for 
stem cell harvesting, by virtue of their non-
invasive collection, immediate obtainability 
with a prolific donor pool, remarkable in vitro 
expandable values, and multi-potent differen-
tiation [9, 10]. WJ-MSCs have potentials for 
cell therapy [11] and hold a remarkably higher 
proliferation rate and expression level of early 
endodermal, undifferentiated human embry-
onic and pluripotent stem cell markers, both 
at primary and late passages [12].

The extensive scarcity of human tissues, or-
gans, and cells suitable for transplantation, 
is the underlying reason for the current rise 
in xenotransplantation popularity, allowing 
transplantation between various species. Non-
human mammals, the most immediate human 
relatives, were initially counted on as poten-
tial organ xenotransplantation sources [13]. 
The rabbit has assumed the most appropriate 
species for this purpose because of its physi-
ological suitability, breeding properties, and 
anatomical resemblance [14]. 

Furthermore, a treatment approach called 
xenotransplantation of the hWJ-MSCs was 
introduced that helps the human liver recon-
struction in the rabbit's embryo [15]. While, 
much literature exists on evaluating physi-
ological and biochemical liver function after 
xenotransplantation [16, 17]; There are few 
studies done on post-xenotransplantation 
changes in liver histological structure. Studies 
on the evaluation of liver regeneration and sur-
gical techniques require quantification [18]. 
Furthermore, the durability of transplanted 
cell populations should be evaluated by an un-
biased method such as stereology [19]. The 
current investigation examines the impact of 
hWJ-MSCs xenotransplantation on liver vol-
ume, total volume of hepatocytes, sinusoids, 
and central veins among rabbit fetuses.

MATErIALS AnD METHODS

Animals
Ten pregnant female rabbits (New Zealand 
white strain) weighing 2.2-3.3 kg were bought 
from the Center of Comparative and Experi-
mental Medicine, Shiraz University of Medi-
cal Sciences. Ultrasonography was used to 
confirm their pregnancy (Hitachi EUB, Hita-
chi Medical Corp, Tokyo, Japan) [20]. A rab-
bit was chosen as a xenotransplant recipient 
of human cells for its capability for producing 
numerous infants in each pregnancy, short pe-
riod of pregnancy, and simple intrauterine in-
jection (IUI) of large fetus which increases the 
success rates of in-utero xenotransplantation.

Harvesting and Preparation of hWJ-MSCs
A written informed consent was attained from 
parents for harvesting of the umbilical cords 
[21]. Umbilical cord specimens were provided 
from 10 cesarean section deliveries of full-
term infants at Hafez Hospitals, Shiraz, Iran 
and were immediately transported to the labo-
ratory in cold phosphate-buffered saline (PBS) 
containing 100 U/mL penicillin and 100 μg/
mL streptomycin (Sigma Aldrich, UK). Then, 
the umbilical vein was cut off to small pieces 
using a sterile blade, and both arteries were 
detached. Afterward, the tissues were divided 
into small explant parts (approximately 4×5 
mm) and moved to a culture flask. Follow-
ing 15 min, α-minimum essential medium 
(α-MEM, Sigma, USA) containing 10% fetal 
bovine serum (FBS, Gibco BRL), 1% L-gluta-
mine (Sigma Aldrich, UK), 100 U/mL penicil-
lin, and 100 μg/mL streptomycin was poured 
into the culture flask, and the old medium was 
changed 2-times a week over the experimenta-
tion period. The MSCs reached 70-80% con-
fluence after two weeks.

Flow-cytometry Assessment of hWJ-MSCs
Flow cytometry was used for detecting the 
specific marker of the MSCs and their multi-
plicity in hWJ-MSCs. The cells at the third 
passage were separated and resuspended in 
cold 10% FBS/PBS as an obstructive solution 
for 20 min. After that, MSCs were incubated 
with fluorescein isothiocyanate (FITC) conju-
gated with anti-CD-144 and CD-44, Perce-
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Figure 1: intrauterine injection of human Wharton’s jelly-derived mesenchymal stromal/stem cells (hWJ-
MSCs) into the fetuses of the studied animal after determining the exact place corresponding to the peritoneal 
cavity using ultrasonography. A) measuring crown-rump length corresponding to the fetuses. B) inserting a 
needle (arrows) and injecting hWJ-MSCs in the fetus peritoneal cavity (arrows).

conjugated anti-CD-105, and phycoerythrin-
conjugated anti-CD-34 and CD106 (all from 
Abcam, Cambridge, UK) for 30 min. Next, the 
cells were eluted two times and suspended in 
cold PBS. The percentage of positive or nega-
tive cells was assessed using a calibrated Flu-
orescence-activated cell sorting (FACS) device 
and analyzed by FlowJo software. 

Differentiation of hWJ-MSCs into 
Osteogenic and Adipogenic Lineages
To differentiate hWJ-MSCs to osteogenic and 
adipogenic lineage [15], 1 × 104 cells at the 
fourth passage were cultured in 24 wells plates. 
After reaching the cells confluence to around 
80%, the previous medium was replaced with 
osteogenic medium (comprising of DMEM-
LG with 10% FBS, 2 mM L-glutamine, 100 
U/mL penicillin, 100 μg/mL streptomycin, 
100 nM dexamethasone, 0.2 mM L-ascorbate 
and 10 mM β-glycerophosphate) or adipogen-
ic medium (comprising of DMEM-LG with 
10% FBS, 2 mM of L-glutamine, 100 U/mL 
penicillin, 100 μg/mL streptomycin, 60 μM 
indomethacin, 1 μM dexamethasone, 0.5 mM 
of IBMX and 5 μg/mL Insulin solution). The 
cells in osteogenic and adipogenic media were 
incubated for 28 and 21 days, respectively. 
Half of each medium was changed every three 
days. For differentiation assessment, both dif-
ferentiated cell lines were fixed in 4% parafor-

maldehyde and then stained with Alizarin and 
oil red for confirming differentiated bone cells 
and lipid cells, respectively. 

In-utero Xenotransplantation
Rabbits produce their initial antibody stock by 
VDJ gene rearrangement in the fetal liver as 
early as gestation day 14 [22]. Considering the 
onset of development in rabbits’ immune sys-
tems, in utero xenotransplantation was carried 
out on day 14 of pregnancy [23]. Eight rabbits 
were chosen for injecting cells. The fetuses of 
non-injected rabbits were categorized as posi-
tive controls, and fetuses of 2 pregnant rabbits 
not injected served as the negative control. 
Rabbits were anesthetized with an intramus-
cular injection of 1 mg/kg xylazine and 2 mg/
kg ketamine (Alfasan, Worden, Holland) and 
placed in a dorsal position. A transabdominal 
ultrasound equipped with a 3.5-MHz curved 
array probe was used to determine the exis-
tence, location, and feasibility of the fetuses. 
Also, the fetal crown-rump length was ob-
tained for confirming the gestational age  
(Fig 1A) [24].

A 24-gauge spinal needle was used to expose 
the uterus from an abdominal wall incision in 
such a way that the needle was continuously 
inserted into the amniotic cavity through the 
uterine wall, the peritoneal cavity, and liver 
corresponding to the fetuses under continu
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Figure 2: A) A microscopic section corresponding to the liver, representing the hepatocytes, sinusoids, and 
central vein. To approximate the volume density corresponding to histological factors of the liver, the number 
of total points striking each component was divided by the number of points striking the reference space.  
B) A microscopic section corresponding to the liver representing the hepatocytes. A non-biased counting frame 
was superimposed on the images of the 25 μm thick sections to approximate the number of total hepatocyte 
nuclei. A microcator was used to ignore each cell whose nucleus was in focus at the beginning 4 μm plane.  
C) Nuclei that came into full focus within the subsequent traveling 4 μm optical section were chosen if they lay in  
the counting frame or did not touch the exclusion boundaries of the frame and touched the inclusion bound -
aries of the frame.

ous ultrasound guidance with the freehand 
method [25, 26]. After confirming the suit-
able placement of the needle, the hWJ-MSCs 
were gradually injected in a total volume of 
3×106/200 μL. Ultrasound images shown in 
Fig 1B showed the distribution of a small 
echogenic fluid in the peritoneal cavity over 
infusion. The exact process was repeated in 
other fetuses. The abdominal wall was su-
tured. The heartbeat of the fetal was con-
trolled using ultrasonography until the dam 
recovery. Checking of the dams in terms of 
abortion symptoms and health status was per-
formed every day. The rabbits whose fetuses 
were normally delivered 13 to 15 days follow-
ing transplantation were entered in the next 
research phase. The treated animals and their 
controls were euthanized and quickly dissect-
ed, and their livers were removed.

Approximation of the Reference Volume 
and Shrinkage
Following a thorough wash and weighing of 
the liver, the primary volume was quantified 
by the immersion technique [27]. In brief, 
a container containing distilled water was 
weighed. Next, the liver was completely im-
mersed in water using a thread to prevent it 
from touching the container’s bottom. To 
calculate the liver volume in cm3, the new 
weight of the container containing water was 
subtracted from the weight of the container 

containing water and liver, and the result was 
divided by the water-specific gravity (~1.0 kg/
m3). Fixation of the liver was performed us-
ing neutral buffered formaldehyde, and it was 
used after one week. The deformation and 
shrinkage resulting from fixation, affect tissue 
processing and staining and a stereological 
approximation. Therefore, the shrinkage was 
approximated to guarantee absolute precision.

Approximation of some of the subsequent ste-
reological factors needs isotropic uniform ran-
dom sections [28-30], which were attained by 
the orientation technique. In brief, each lobe of 
the liver was located on a circle separated into 
ten equal spaces. A number between 0 and 10 
was randomly chosen, and the liver lobe was 
split into two parts using a blade in that direc-
tion. The surface of each part was cut again 
after locating in the 0–0 direction of another 
circle with ten non-equal sinus-weighted divi-
sions. Each lobe was divided into slabs using a 
blade located in the direction of the second cut 
with a distance of ~2 mm. Next, after a ran-
dom collection of 9–11 slabs, a circle was cut 
from a liver slab using a trocar. The diameters 
corresponding to the circular section of the 
liver were obtained and reported in μm, and 
the circle area was calculated approximately 
using A= πr2, in which A is the area, π is 
3.1416, and r represents radius. The cut sur-
faces corresponding to the slabs and circular 
pieces were inserted in paraffin, segmented 
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Figure 3: Confirmation of mesenchymal stromal/stem cells (MSCs) from Wharton’s jelly. A) Phenotype by flow 
cytometry analysis: Expression of hWJ-MSCs surface markers (CD73 and CD90) in contrast to negative ex-
pression hematopoietic markers (CD34, CD144), B) Adipogenic differentiation, C) Osteogenic differentiation.

(4- and 25-mm thicknesses), and stained with 
hematoxylin and eosin. While staining was 
complete, the areas of the circular piece were 
computed again, and the volume shrinkage 
[28] was determined using the formula:

Volume shrinkage= 1-(AA/AB)1.5, 

where ‘AA’ and’ AB’ represent the area of the 
circular piece post- and pre-processing, sec-
tioning and staining, respectively. Following 
the shrinkage estimation, the liver's final vol-
ume (the reference space) was adjusted, using: 

VFinal= VPrimary × (1- volume shrinkage).

Analysis of each sampled section was per-
formed using a video-microscopy system 
which consisted of a microscope (E-200, 
Nikon, Japan) connected to a video camera 
(Sony, Japan, SSC Dc 18P), a P4 PC, and a 
flat monitor for the determination of the fac-
tors at a final magnification of 1500. Using a 
stage micrometer, 10 to 14 microscopic fields 
were inspected in all livers at equal intervals 
along the X- and Y-axis, and the procedure 
was performed until all the sections had been 

examined using stereology software designed 
at our laboratory. The stereological probe 
(composed of 25 points) was overlaid upon the 
images of the tissue sections observed on the 
monitor. A fractional volume (VV) of hepato-
cytes, sinusoids, nuclei, and central veins was 
attained using a point-counting method (Fig 
2A) and the following formula: 

VV= P structure/Preference in which ‘P 
structure’ and ‘Preference’ were the figures 
of test points falling on the structure’s profile 
and the reference space, respectively. 

To calculate the total volume corresponding 
to the factors, the fractional volume was multi-
plied by the liver's final volume to prevent the 
‘reference trap’ [28, 29].

Approximation of the Number of the 
Hepatocyte’s Nuclei
To roughly identify the number of total hepa-
tocyte nuclei and the hepatocytes volume and 
their nuclei, the 25 μm thickness sections were 
used. Applying stereological software, over-
laying a non-biased counting frame was per-
formed on the images corresponding to 
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Figure 4: Comparison of stereological indices of liver tissue after xenotransplantation of human Wharton’s 
jelly-derived mesenchymal stromal/stem cells (hWJ-MSCs) into liver corresponding to the studied animal.  
A) Total volume of liver in control and hWJ-MSCs treated rabbits, B) Total volume of hepatocyte in control and 
hWJ-MSCs treated rabbits, C) Total volume of hepatocyte nuclei in control and hWJ-MSCs treated rabbits,  
D) Total volume of sinusoids in control and hWJ-MSCs treated rabbits, E) Total volume corresponding to central 
veins in control and hWJ-MSCs treated rabbits, F) Number of total hepatocyte cells in control and hWJ-MSCs 
treated rabbits.

the tissue sections observed on the monitor. 
Averagely, 80–100 microscopic fields were 
chosen in each rabbit through a systematic 
subsample. The location of the first area was 
chosen randomly exterior of the sections, and 
the other regions were selected by changing 
the position of the microscope stage in equal 
intervals along the X- and Y-directions of the 
stage with a stage micrometer. A high numer-
ical aperture 40× magnification (NA= 1.3) oil 
immersion lens was applied. The number of 
the hepatocyte nuclei was estimated using the 
‘dissector’ technique at the final magnification 
of 1500.

The cells must be precisely chosen with un-
varying random possibility by the ‘dissector’ 
principle to follow the technique. The optical 
dissector is a technique through which thick 

sections of cells are provided and observed 
using a light microscope [28, 29]. In 25 μm 
thickness sections, the optical section was ad-
justed at a random depth. An unbiased count-
ing frame with inclusion (dotted line) and ex-
clusion (continuous line) margins was placed 
over the images (Fig 2B). This frame eludes 
the ‘edge effect’ and biased counting corre-
sponding to the particles, and a single frame 
was used to count all the nuclei profiles with-
out considering their shape and have a similar 
possibility of being sampled. The situation of 
the optical section was changed toward the z-
axis downwards using a microcator (Heiden-
hain MT-12, Germany) that measured the z-
axis movements, while all cells whose nucleus 
was in focus at the beginning 4 mm plane 
were let off. Any nucleus, which came into 
full focus over the subsequent traveling 4 mm 
optical section (height of dissector), was cho-
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sen only when it lay in the counting frame or 
touched the inclusion boundaries of the frame. 
The numerical density (Nv) corresponding to 
the cells was computed as:

Nv= [ΣQ / (ΣP × (a/f) × h)] × (t/BA)

where ‘ΣQ’ represents the total number count-
ed (here 175 per rabbit on the average), ‘ΣP’ is 
the number of total points falling on the hepa-
tocyte (here 112 points per rabbit on the aver-
age), ''a/f' refers to the area corresponding to 
the counting frame (here 576 μm2), ''h'' is the 
height of the dissector (here 12 μm), ''t'' repre-
sents the mean thickness section measured at 
diverse points of the section that was obtained 
as 24±0.2 μm. BA shows the setting of the mi-
crotome to cut the block (here 25 μm).

Ethical Considerations
The trials were performed based on the ethi-
cal instructions on research on laboratory ani-
mals in Shiraz University of Medical Sciences. 
All trials were approved by the Shiraz Uni-
versity of Medical Sciences ethical committee 
(project# IR.MIAU.REC.1396.603). 

Statistical Analysis 
The data were represented as mean and stan-
dard errors. Statistical differences between 
group means were compared by unpaired 
sample t-test. P values less than 0.05 were con-
sidered significant. The software of GraphPad 
Prism (Inc., San Diego, CA, USA) was applied 
for analyzing the data.

rESuLTS

hWJ-MSCs Characterizations
The results of flow cytometric evaluation of 
hWJ-MSC at the third passage revealed the 
MSCs phenotype by expression of the surface 
markers, such as CD90 (thy-1), CD73 (ecto-5’-
nucleotidase), CD44 (adhesion molecule for 
hyaluronic acid), CD106, and CD106 (cell ad-
hesion molecules). However, these cells were 
negative for CD34 and CD144 (hematopoietic 
stem cell and endothelial cell markers, respec-
tively). These proved that the isolated cells 
were truly MSCs (Fig 3A).

After 21 days of co-incubation in osteogenic 
and adipogenic media, the osteogenesis and 
adipogenesis of hWJ-MSCs were assessed by 
the Alizarin and oil Red staining methods. 
Image analysis proved a cumulative intensity 
in the area of Oil Red and Alizarin staining 
per cell in cells at early passages. Observing 
fat droplets in the cytoplasm corresponding to 
the hWJ-MSC confirmed adipogenic differ-
entiation (Fig 3B). The presence of intracel-
lular calcium displayed in Alizarin staining 
indicated the differentiation of cells into bone  
(Fig 3C).

hWJ-MSCs In-utero Xenotransplantation 
Increased Stereological Indices of Rabbit 
Livers
Twenty-seven fetuses were born healthy. Ten 
liver specimens were provided from injected 
fetuses, eight rabbits on day 3 and two rabbits 
on day 21 after birth. Data analysis demon-
strated that the liver volume, the total volume 
corresponding to the hepatocytes, total vol-
ume corresponding to the hepatocyte’s nuclei, 
the total volume of sinusoids, the total volume 
of central veins, and total number relating to 
hepatocytes cells significantly increased in 
hWJ-MSC treated cells comparing with the 
control group (Fig 4).

The mean liver volume in the hWJ-MSCs-
treated group was 1.8 times more than the 
control group (P<0.0001). Furthermore, the 
average total volume of the hepatocytes in 
the hWJ-MSCs-treated group was 1.6 times 
more than the control group (P=0.0007). At 
the same time, the normal human liver had 4 
times larger hepatocytes than the hWJ-MSCs-
treated group (Table 1). 

In addition, the mean total volume of the he-
patocyte’s nuclei in the hWJ-MSCs-treated 
group was 2.2 times more than the control 
group (P=0.0015). In contrast to cell volume, 
the nuclear volume of normal human hepa-
tocytes was 1.7 times smaller than the hWJ-
MSCs-treated group (Table 1). 

The mean total volume of sinusoids in the 
hWJ-MSCs-treated group was 4.1 times more 
than the control group (P<0.0001). Compar
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Table 1: Mean of stereological indices of liver tissue after xenotransplantation corresponding to human Whar-
ton’s jelly-derived mesenchymal stromal/stem cells (hWJ-MSCs) into rabbit fetuses’ liver in the current research 
with human liver tissue stereological indices [33].

Stereological indices
Liver tissue of

Rabbit hWJ-MSCs-treated rabbit Human

Total volume of hepatocyte (µm3) 1705±166.7 2769±153.9 11305±803

Total volume of hepatocyte nuclei (µm3) 629.8±112.8 1371±132.2 798±27

Total volume of sinusoids (µm3) 68.16±15.26 279.6±17.76 207±14

ing the extra hepatocyte space between the 
normal liver of human and the hWJ-MSCs-
treated group did not show a noticeable differ-
ence (Table 1). 

The mean total volume of central veins in the 
hWJ-MSCs-treated group was 2.3 times more 
than the control group (P=0.047). The mean 
total number of hepatocytes cells in the hWJ-
MSCs-treated group was 2.1 times more than 
the control group (P=0.0005).

DISCuSSIOn

The modern stereological methods applied in 
our study for measuring hepatocytes' number 
represented a rise in cells numbers. Besides 
differences in dose and period, the key differ-
ence of our study lies in the methodological 
approach used for cell number evaluation. The 
unreliability of cell number approximation by 
counting structure profile in the unit area has 
been proved. Accordingly, it is suggested that 
all numerical approximations be carried out 
using the dissector technique [36], multiply-
ing density by volume. 

The mean volume corresponding to hepa-
tocyte stereological indices increased after 
xenotransplantation. The numerical density 
and the volume fractions corresponding to 
hepatocytes in the liver have been evaluated 
by stereological approaches for mice [31], rats 
[32], and humans [33]. The effects of recipi-
ent tissue's microenvironment on behavior 
and morphology of transplanted human cells 
have been shown in mice brains [34]. It has 
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been suggested that fusion between a recipi-
ent and transplanted cells is a phenomenon 
that may be affected by the microenvironment 
[34]. This phenomenon may impact apparent 
transplanted cell marker expression and cel-
lular behavior [34].

Assuming that the enhanced total volume cor-
responding to the hepatocytes could be be-
cause of either hyperplasia or hypertrophy of 
the liver cells, the volume of hepatocytes as a 
complementary method was estimated in ad-
dition to number estimation. Increased rabbit 
liver weight and volume were our primary ob-
servations, as the stereological assessment of 
the rabbit liver revealed a substantial rise in 
number as well as the volume of hepatocytes 
and sinusoidal spaces of the experimental 
group in comparison with the control groups. 
Our findings indicate that hyperplasia is the 
main reason for the increased total volume 
corresponding to the hepatocytes [31].

The main results of the two studies showed 
that MSCs, transplanted cells, have therapeu-
tic effects on liver disease indirectly via secre-
tion of soluble factors such as transforming 
growth factor β1 and prostaglandin E2. [35, 
36]. In another study, administration of MSC 
lead to a reduction in liver fibrosis by produc-
ing soluble factors. Moreover, ADMSCs provid 
an immunomodulatory and an anti-inflamma-
tory environment for stellate cells to preserve 
their phenotypes and avoid immune cell-medi-
ated liver injury [37].  In agreement with our 
study, other groups showed that the histologi-
cal changes improved, and inflammation and 
fibrosis diminished after MSC use [38]. In a 
study Amer et al. [39] included 40 patients 
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with end-stage liver failure, in which they di-
vided them into two groups: one group was in-
jected with pre-differentiated autologous bone 
marrow-derived MSCs; the other group was 
injected with standard supportive treatment. 
The results showed that the patients who re-
ceived MSCs had improved in Child-Pugh and 
MELD scores following two weeks compared 
to the control groups [39, 40]. 

The current study illustrates the efficiency of 
stereology application in detecting triggered 
changes in liver tissue of rabbit fetuses after 
xenotransplantation of hWJ-MSCs. As a re-
sult, we report that the approach can be profi-
ciently applied in studies that aim to detect and 
monitor possible changes in liver tissue after 
using a new treatment. Similarly, stereologi-
cal factors offer helpful and reliable informa-
tion for follow-up assessments in patients with 
chronic hepatitis B [41]. Stereology is a simple 
and reliable method for fulfilling quantitative 
measurement of liver elements, including the 
number and total volume of hepatocytes and 
sinusoids as well as central veins located in 
various areas of the liver post-xenotransplan-
tation of hWJ-MSCs in rabbit fetus.

For the first time in this study, an increase 
in liver morphometric indices after human 
MSC xenotransplantation has been shown in 
rabbits. After xenotransplantation of human 
MSCs’, rabbit liver tissue microenvironments 
altered quantitative factors of hepatocytes 
such as volume and density as well as their 
morphometric indices. Regardless of the suc-
cess of differentiating human MSCs into hepa-
tocytes, the effect of cell xenotransplantation 
on the morphometry of the liver may indicate 
concern in the function of xenotransplanta-
tion-produced human tissues. Considering the 
limitations of our findings, further research 
need to be conducted.
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