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Successful auto-implantation of hepatic cells 
in lung tissue: An animal study
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Background: This study was proposed to evaluate a new method for autograft transplantation of liver tissue fragments (LTF) in the 
lung parenchyma and bronchus of dogs and to compare the results to find out if they are suitable sites for hepatocyte implantation or 
not. Materials and Methods: The dogs were randomly assigned into two categories: LTF auto-transplantation to the lung parenchyma 
and into the bronchus. The suspensions of normal saline and LTF were injected and implanted into the lung parenchyma and the main 
bronchus of the right accessory lobe in first and second groups, respectively. Two weeks later the right accessory lobe was removed 
and sent for a histopathological study. All samples were checked under a light microscope with regard to the presence of hepatocytes, 
with both the Hematoxylin and Eosin (H and E) preparation and immunohistochemistry (IHC) method, using a CK-18 marker. All 
results were double-checked with a polymerase chain reaction (PCR). Results: The mean weight of all the dogs was 19.87 ± 0.93 kg 
and mean age was 3.58 ± 0.31 years. After 15 days, the H and E, IHC, and PCR studies revealed that in the first group, all the dogs 
(n = 4) had living liver tissue, which survived in the lung parenchyma successfully. In contrast, none of the dogs (n = 0) in the second 
group showed surviving hepatocytes in the bronchus (P < 0.001). Conclusion: Implantation of the LTFs into the lung parenchyma 
could be a source of hepatic cell production. 
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donations have been widely used with appreciable 
outcomes.[6,7]

Through hepatocyte proliferation, the liver is able to 
regenerate and produce adequate hepatic volume. Based 
on this phenomenon, the use of allograft-isolated liver 
parenchymal cells in the form of isolated hepatocyte or 
fragmented liver tissue has been investigated by many 
researchers.[5,8,9] In addition to the liver, the histological 
similarity between the lungs and the liver (artery, 
vein, and bronchus in the lung versus artery, vein, and 
biliary duct in liver) makes the lungs a good option for 
hepatocyte transplantation; however, the lungs have strong 
immunological properties, which limit the success of this 
procedure. Besides, different extrahepatic sites including 
the spleen, renal subcapsular, omentum, and lung have 
been studied for the implantation of hepatocytes.[10,11] 

Although these new methods have been good solutions for 
shortage of the organ, the other important problem — need 
for immunosuppressive therapy — is still a hurdle.

Patients with liver failure have decreased complement 
levels and impaired phagocytic function; hence, they 

INTRODUCTION

The liver is an important organ, responsible for 
protein synthesis and the metabolism of exogenous 
and endogenous substrates.[1-3] Liver failure is a 
devastating syndrome caused by loss of hepatic cell 
mass below a critical level due to different diseases.[4] 
After improvements in both surgical techniques and 
immunological protocols, liver transplantation has 
become the treatment of choice for patients suffering 
from end-stage liver disease,[5] and management of liver 
failure has been revolutionized by transplantation of the 
whole liver or a portion of the liver.[2,3]

Despite all benefits of liver transplantation, some major 
concerns, such as, chronic shortage of organs available 
for transplantation, growth of the number patients on 
waiting list, and side effects of the immunosuppressive 
drugs are still present.[4,5]

Therefore, there is a gap between the demand and 
the availability of organs for transplantation. For this 
reason, several alternative methods have been used to 
reduce this gap.[5] For instance, split-liver and living 
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are very susceptible to bacterial and fungal infections.[12,13] 
The need for immunosuppression in the presence of liver 
failure increases the risk of infections.[14]

Using autograft hepatocyte transplantation instead 
of allograft transplantation can reduce the need for 
immunosuppressive drugs, and it consequently relieves 
the concerns related to this therapy. 

Given the above-mentioned theories, this pilot study 
was proposed to evaluate a novel method for autograft 
transplantation of liver tissue fragments (LTF) in the lung 
parenchyma and bronchus of dogs and to compare the 
results, to find out whether or not they were suitable sites 
for hepatocyte implantation. In the next phase of the study, 
an operation would be performed to transplant the lung 
lobe to the abdomen with precise vascular techniques, for 
anastomosis. Although finding of normal liver tissue in 
systemic diseases such as acute liver failure or cirrhosis 
is impossible, in some conditions such as multiple liver 
metastasis and hepatocellular carcinoma (HCC), in 
multifocal cancers, we would be able to obtain normal 
hepatocytes from healthy parts of the liver. In this study, we 
just wanted to find out if hepatic cells could survive in the 
lung or not. If the answer was yes, then in the next phase 
we would implant more tissue in the lung and transplant 
it into the abdomen to generate a new liver lobe.

MATERIALS AND METHODS

This study was performed in the ‘Safahan’ Veterinary 
Hospital, Isfahan, Iran, with financial support from the 
Isfahan University of Medical Sciences during 2011-2012. 
The study protocol was approved by the Ethics Committees 
of the Isfahan University of Medical Sciences. Eight healthy, 
intact Persian male dogs aged between three and four 
years were included in the present study. All the dogs were 
normal on the physical examination performed prior to the 
study, had been completely vaccinated, and had received a 
complete course of anti-parasite medication. The dogs were 
randomly assigned to two categories: Liver tissue fragments 
(LTF) auto-transplantation to the lung parenchyma and LTF 
auto-transplantation into the bronchus.

After 12 hours of fasting, anesthesia was induced with 
Ketamine 20 mg/kg, and a cuffed endotracheal tube was 
inserted into the trachea. Then, the dogs were placed on 
mechanical respiration. Anesthesia was maintained by 
Nitrous oxide (N2O) and Halothane. The dogs were placed 
in the left lateral decubitus position.

After the prep and drape, a 3-cm incision was made below 
the right side of the rib cage, and a 0.5 cm by 0.5 cm tissue 
sample of the liver was taken. 

In an environment with high standards of sterility, the tissue 
was fragmented and mixed with 10 cc of normal saline, and 
a suspension of LTF in normal saline was prepared.

Next, an incision in the fourth intercostal area was made, 
and after a right lateral thoracotomy, the accessory lobe of 
the right lung was explored and the bronchus cut, in order 
to making a lobar atelectasis; the stump was repaired by 
separated sutures with Vicryl 3-0.

In the first group, the suspension of normal saline and LTF 
was injected and implanted into the lung parenchyma via a 
14-gauge needle (an area with 3 cm diameter), and the area 
was marked with a nylon suture.

In the second group, the lung alveoli and bronchioles 
were destroyed by an injection of 10 cc ethanol 50%. Two 
minutes later, the injection site was completely washed 
out with normal saline before suctioning. Then, the 
suspension was injected into the main bronchus of the right 
accessory lobe, and the bronchus was closed with a Vicryl 
suture. The thoracotomy incision was closed, and the 
doges were treated with appropriate doses of analgesics. 
In addition, a complete course of antibiotic therapy was 
commenced. After the operation, the doges were visited 
by a veterinarian and the surgeon on a daily basis to check 
the general condition. All eight dogs completed the study.

Two weeks later, the dogs underwent thoracotomy at the 
same site again; the right accessory lobe was removed, put 
in the FineFix (Milestone, Bergamo.Italy) fixative, and sent 
for histopathological study.

All samples were checked under a light microscope, with 
both the H and E preparation and IHC method using a 
CK-18 marker, with regard to the presence of hepatocytes. 
All results were double-checked with the polymerase chain 
reaction (PCR). Survival of the hepatocytes after 15 days 
was considered as a successful implantation.

Data was analyzed using the SPSS 16 software and the Mann 
Whitney and Chi-square tests were also used; P-values less 
than 0.05 were considered as the level of significance.

RESULTS

There was no significant difference between the two groups 
in the mean weight and age (P : 0.81 and P : 0.67, respectively). 

The mean weight of all dogs was 19.87 ± 0.93 kg (R: 18.6-21.00 kg), 
and the mean age was 3.58 ± 0.31 years (R: 3-4 years).

After 15 days of the LTF implantation, H and E and IHC 
study of the samples revealed that in the first group, all 
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four dogs had living liver tissue, which survived in the lung 
parenchyma successfully [Figure 1].

In contrast, none of the dogs in the second group showed 
survived hepatocytes in the bronchus.

All results were confirmed by PCR. Therefore, a significant 
difference between lung parenchyma and bronchus was 
evident in the survival of the implanted LTF (P < 0.001).

DISCUSSION

Several new alternatives for orthotopic hepatic transplantation 
are proposed for helping patients who need liver transplantation. 
Among these procedures, hepatic cell transplantation has had 
the most satisfactory results.[15-23] This method helps to overcome 
the shortage of organ donation. Its advantages include lower 
invasiveness, lower cost, and preservation of the function and 
architecture of the host liver; however, other issues related to 
allograft transplantation are still present.[20,21]

In acute liver failure and metabolic diseases, engraftment 
of the implanted cells or tissue is not efficacious, and 
hepatocytes cannot proliferate normally due to the 
quiescence of the host liver.[24-26]

Therefore, it will be a good idea to implant liver cells 
primarily into an organ other than the liver for better 
proliferation. In the previous studies, different organs 
have been reported as being suitable sites for extrahepatic 
implantation of the hepatocytes.[10,11] In all of these studies, 
the implanted hepatocytes have been non-autologous, and 
therefore, immunosuppressive therapy was needed.

This is the first study in which autologous LTFs have been 
implanted into the lung. 

In order to explain this study, it is better to ask and answer 
some questions:

First, why did we use the lungs as the implantation site?

The structure of the lung and the liver are histologically 
similar. On account of the triple structures in the lung tissue 

(artery, vein, and bronchus) the probability of successful 
implantation of the liver tissue (which has triple structural 
parameters of the artery, vein, and biliary duct) may 
increase, for future autologous implantations. Hence, the 
lung can be a good candidate for extrahepatic hepatocyte 
implantation. In addition, having separated independent 
lobes help us to manipulate a part of the lung without any 
significant problem to the rest of the organ.

Results showed that although the lung parenchyma 
is a suitable site for hepatocyte implantation, the lung 
bronchus is not an appropriate host for hepatocytes. 
Survival of the hepatocytes in the lung parenchyma 
indicates that this site can be a good choice for implantation 
of hepatocytes in patients who are candidates for 
hepatocyte transplantation. This investigation shows that 
the lung parenchyma is a better site than the bronchus for 
the hepatocytes to stay alive and proliferate. Unlike the 
bronchus, which has a specific sort of tissue different to 
the liver, the lung parenchyma is more similar to the liver 
tissue. The blood supply of the lung parenchyma may help 
the LTF to survive. 

Second, why use autologous LTFs?

Using autologous LTFs eliminates the need for 
immunosuppressive therapy, which is a problem associated 
with non-autologous or orthotopic liver transplantation.

Administration of immunosuppressive drugs in patients 
with liver failure increases the risk of infections, which are 
sometimes fatal.[14]

The important hurdle in choosing the lungs as the host for 
implantation of hepatocytes is the immunological properties 
of the lung, which disturb the survival of non-autologous 
hepatocytes. This problem was solved in our study by using 
autologous LTFs.

Finally, why LTFs and not isolated hepatocytes?

Dissociation of single hepatocytes from the non-parenchymal 
cells and extracellular matrix (ECM) may lead to disturbance 
of the hepatocyte function, lack of survival signals, and 
consequently, apoptosis.[27,28] In contrast, LTFs comprise 
all types of liver cells and ECM.[29,30] Therefore, implanting 
LTFs instead of isolated hepatocytes increases the chance 
of survival of the implanted liver tissue.[10] 

Another important issue is that using autologous LTFs for 
treatment of patients with liver failure needs the availability 
and accessibility of healthy liver tissue; hence, healthy liver 
tissue should be extracted at early stages of the disease 
before the disease involves all the parts of the liver.

Figure 1 (a and b): The microphotographs of CK 18 staining revealed the 
presence of hepatocytes within the lung parenchymal tissue (400X)

a b
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In this study we just wanted to determine if the liver cells 
could survive in the lung parenchyma as an alternative 
matrix for proliferation or not.

According to the findings of this pilot animal study, we 
suggest that autologous implantation of the LTFs into the 
lung parenchyma may be a good alternative for the previous 
methods. For example, the lung parenchyma can replace the 
very expensive and technically difficult tissue engineering 
methods. Lung lobectomy has been tolerated by the animals 
and also patients without any major problem.

For extrapolation of these findings, more studies on a larger 
number of cases are needed.

The practical goal of this study, in future, is to produce 
a new liver lobe by extracting healthy liver tissue and 
implanting LTFs in a lung lobe with multiple injections and 
transplanting this lobe into the abdomen, which is our goal 
for next phase of the present project.
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