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Abstract

Liver transplantation (LT) is currently the only effective treatment option for end-
stage liver disease. The importance of animal models in transplantation is widely
recognized among researchers. Because of the well-characterized mouse genome
and the greater diversity and availability of both genetically modified animals and
research reagents, mouse orthotopic LT (MOLT) has become an ideal model for
the investigation of liver biology, tissue injury, regulation of alloimmunity and
tolerance induction, and the pathogenesis of specific liver diseases. However, due
to its complicated and technically demanding procedure, the model has merely
been used by only a few research groups in the world for years. For a new learner,
training lasting at least a couple of months or even years is required. Most of the
investigators have emphasized the importance of elaborate techniques and
dedicated instruments in establishing a MOLT model, but some details are often
neglected. The nontechnical details are also significant, especially for researchers
who have little experience in mouse microsurgery. Here, we review and
summarize the crucial technical and nontechnical details in establishing the model
of MOLT based on scientific articles and our experience in six aspects: animal
selection, anesthesia, perioperative management, organ procurement, back-table
preparation, and implantation surgery. We aim to enable research groups to
shorten the learning curve and implement the mouse LT procedure with high
technical success.
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Core tip: As an ideal model for the investigation of basic medical research on liver
transplantation (LT), the mouse orthotopic LT (MOLT) model, has been used by only a
few research groups worldwide. Most of the investigators attach importance to technical
factors in establishing the model. We review and summarize the crucial technical and
nontechnical details in establishing the model of MOLT based on the literature and our
experience. We aim to enable research groups to shorten the learning curve and implement
the mouse LT procedure with high technical success.

Citation: Li T, Hu Z, Wang L, Lv GY. Details determining the success in establishing a mouse
orthotopic liver transplantation model. World J Gastroenterol 2020; 26(27): 3889-3898

URL: https://www.wjgnet.com/1007-9327/full/v26/i27/3889.htm

DOI: https://dx.doi.org/10.3748/wjg.v26.i27.3889

INTRODUCTION

Liver transplantation (LT) is currently the only effective treatment option for end-stage
liver disease. The rapid development in basic medical research on LT has benefited
from a variety of experiments in small and large animals. Mouse models are
particularly attractive because the mouse genome is well characterized and there is
greater diversity and availability of genetically modified animals (knockout or
transgenic) and research reagents at a relatively low cost!'”. The similar anatomy
between the mouse model and human LT, including the presence of a gallbladder, and
high level of similarity between the mouse H-2 system and human HLA complex have
attracted considerable attention.. Since it was first described by Qian et al in 1991,
mouse orthotopic LT (MOLT) has proved to be a powerful research tool for the
investigation of liver biology, tissue injury, regulation of alloimmunity and tolerance
induction, and the pathogenesis of specific liver diseases!l. However, mouse liver
vessels are eight times smaller on average than those of adult rats, which makes MOLT
a complicated and technically demanding procedure. To achieve consistent success,
training lasting at least a couple of months or even years is required, which hinders the
application of MOLT and to some extent impedes the basic medical research on LT.
Until now, only a handful of transplantation research centers are capable of
establishing the MOLT model reliably and reproducibly. Although elaborate
techniques and dedicated instruments have been described in recent years”, crucial
details related to MOLT are often neglected and rarely mentioned in the literature.
Nevertheless, such details regarding animal selection, anesthesia, perioperative
management, organ procurement, back-table preparation, and implantation surgery
are of importance in the establishment of MOLT, especially for researchers who have
little experience in mouse microsurgery. In this paper, we review and summarize the
crucial details in establishing the model of MOLT based on scientific articles and our
experience, to enable research groups to shorten the learning curve and implement the
mouse LT procedure with high technical success.

ANIMAL SELECTION

In mice, liver allografts are accepted indefinitely across major histocompatibility
complex barriers without immunosuppressive therapy!l. Thus, the selection of
experimental subjects is based on anatomical/surgical reasons. Almost all
investigators choose male mice as their subjects, not only because of their larger body
size compared to their peer adult females, but also their necessity to use the penile
vein for heparin injection and rehydration therapy!*’l. Due to their widespread
application in the field of basic science, wild-type and transgenic C57BL/6 mice are the
most commonly used strains. In addition, Balb/c, C3H and other congenic mouse
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strains are often mentioned in the literature!'"'"l. Mouse weight < 23 g is rarely used
because stent insertion in the small bile duct is difficult, and the portal vein (PV) and
infrahepatic inferior vena cava (IHIVC) may be too short for anastomosis®. Mice with
a body weight > 33 g are not recommended as donors because they have a large
amount of intra-abdominal fat, making the surgical procedures more difficult!?.
According to our experience, mice with a body weight of 25-30 g and donors who are
slightly lighter than recipients are optimal for MOLT. In addition, the diameter of the
bile duct varies greatly from strain to strain although the mechanism is unknown. The
success of biliary reconstruction is the key factor for long-term survival in MOLT.
Among the existing strains, C3H mice have wider common bile ducts than any other
strains. C57BL/6 and Balb/c mice have small bile ducts, while the diameter of the B10
bile duct is between that of C3H and C57BL/6 mice. Therefore, without influencing
the experimental design, investigators should choose a mouse strain with a wider bile
duct to facilitate model establishment.

ANESTHESIA

As the most commonly used anesthesia method in rodent experiments, intraperitoneal
injection is seldom used in MOLT!"”. Most injectable anesthetics are metabolized in the
liver, metabolites can influence hepatic metabolism and can modify hepatic
hemodynamics, alter carbohydrate metabolism, which can jeopardize hepatic and
cardiopulmonary functions!"”. With the advantage of less cardiovascular depression,
low hepatotoxicity, rapid excretion and easy regulation of anesthesia depth,
inhalational anesthesia has become the standard anesthesia in MOLT research. With
the exception of several studies which used ether to anesthetize the micel'*'”], most
investigators prefer isoflurane with a mixture of oxygen!®'"'*l. The target inhaled
concentration of isoflurane should be 3% to 4% in the induction phase, 2% in the
maintenance phase, and < 0.5% in the anhepatic phasel'’. Anesthesia adjustment
during the anhepatic phase is crucial for the success of the operation, deep anesthesia
can cause peripheral vasodilatation, and accordingly leads to severe hypotension and
intraoperative death!"”). However, the effect of anesthesia varies from mouse to mouse.
An effective way to monitor depth of anesthesia is to observe the respiration rate of the
animal during the operation, a respiration rate of one breath per second is considered
to be an ideal state of anesthesial’.

PERIOPERATIVE MANAGEMENT

The mice should be kept in a temperature and light (12/12 h light/dark) controlled
facility with free access to food and water before surgery. Deprivation of solid food for
12-24 h prior to surgery can theoretically avoid extension in the gastrointestinal tract
and reduce the risk of aspiration under anesthesia'; therefore, it has been used by
some research groups!®'*'**l. However, the impact of fasting has not been examined as
mice can maintain a satisfactory long-term survival (> 100 d) without food
deprivation™'**'l. In our opinion, fasting is unnecessary and such a long period of food
deprivation may cause hypoglycemia, which is an adverse factor for intraoperative
maintenance and postoperative recovery.

Heat loss during anesthesia increases the risk of cardiac arrhythmia, coagulopathy,
and postoperative infection™*!, which jeopardizes surgical success and postoperative
survival rates. Core body temperature decreases suddenly after anesthesia induction
and continues to diminish during the course of prolonged general anesthesia. A
heating pad and warming lamp are widely used to promote postoperative recovery of
MOLT!>%17221 but have no impact on hypothermia during the operation. We
recommend using a warming pad during the entire procedure except for the anhepatic
phase to minimize heat loss.

Another significant detail during the perioperative period is that analgesics and
antibiotics should be routinely used as indicated in institutional guidelines. The
individual distress and suffering of animals must be minimized not only for ethical
reasons, but also because of their potentially adverse effects on experimental results™!.
Failure to alleviate acute postoperative pain could result in fluctuations in blood
pressure, heart rate, respiratory rate, body temperature, and food and water
consumption, which is disadvantageous to early postoperative recovery. As MOLT is
performed under clean but not sterile conditions using a surgical microscope, it is
critically important to prevent biliary and abdominal infections with the use of local or
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systemic antibiotics in MOLT, which determines long-term survival.

ORGAN PROCUREMENT

The main steps in MOLT have reached a consensus among different investigators.
After shaving and disinfecting the abdomen, the liver is exposed with the assistance of
a wide abdominal incision and retractors. The liver needs to be freed from all
ligamentous attachments from its surrounding organs. The PV and IHIVC are
skeletonized to the level of the superior mesenteric vein and left renal vein,
respectively, to ensure that there will be a sufficient length for cuff preparation and no
stenosis in the cuff. The pyloric, splenic, and right renal veins and the right renal artery
are ligated and divided to make sure that the right renal vein is separated from the
right renal artery at this step, or it will be difficult to divide the posterior wall of the
IHIVC. The right adrenal vein and paraesophageal vessel are cauterized or ligated to
prevent hemorrhage. Dissection of the hepatic artery depends on the anastomotic
methods. The hepatic artery is ligated and divided in the nonarterialized model. When
the model involves artery reconstruction, the hepatic artery is dissected to the celiac
trunk by ligation and division of the splenic, left gastric, and gastroduodenal arteries
for stent anastomosis!®'*!, the branches of the aorta are also ligated and severed
successively to allow preparation of the hepatic-celiac-aortic arterial segment!'*!>*]
or hepatic-celiac-aortic-mesenteric arterial segment”’ for suture anastomosis. For
continuous bile flow, the gallbladder is ligated and removed. Operators use their own
operating procedures for liver dissection. We prefer a clockwise order. That is, starting
from the caudate lobe, followed by the IHIVC, gallbladder, suprahepatic inferior vena
cava (SHIVC), paraesophageal vessel, and finally the first porta hepatis. In that order,
we leave the bile duct to the last step, to some extent, to reduce biliary ischemic time.

There are three noticeable steps in this part: Heparinization, biliary cannulation and
perfusion. Heparin dose varies from 20 to 100 IU. It can be injected through the penile
vein as mentioned previously. Other researchers inject heparin through the
IHIVC!#172027 or together with perfusion solution!'*l.

Different materials have been used for bile duct stenting, including polyethylene
tubel>>?101021202 Venflon tubell, Peek TM tube®], Peek tube”*! and epidural
catheter!*""l. Of these, polyethylene tube is the most commonly used material. Almost
all these materials need to be stretched to adapt to the small diameter of the bile duct.
The length of stent has ranged from 2 mm to 4 mm, except in one study where a 1-cm
epidural catheter was chosen. An optimal stent is the key factor for long-term survival.
Another important factor is the position where the stent is inserted into the common
bile duct. If the stent is inserted too close to the hilum, it may cause obstruction of the
bile duct confluence. However, if the insertion position is too far from the hilum, the
operative difficulty will be reduced, while the ischemic part of the bile duct is
accordingly increased, so there is a risk of leakage or ischemic necrosis of the proximal
bile duct’. In our experience, necrosis of the hilar region can be observed under these
circumstances (Figure 1). Therefore, the bile duct stent should be inserted as close to
the hilum without obstructing the bifurcation of the hepatic duct.

The aims of perfusion include flushing out the donor’s residual blood and rapid
cooling of the liver™. Perfusion solution of 1-10 mL 0.9% NaCl solution Ringer’s
solution or University of Wisconsin (UW) solution is injected through the IHIVC, PV
and/or abdominal aorta. There is no significant difference between different perfusion
solutions based on current literature. However, UW solution must be slowly flushed
out the liver graft to prevent hyperkalemia after reperfusion. One thing that needs to
be noted is the perfusion pressure. Sinusoid endothelial cell function can be impaired
during high-pressure perfusion, whereas low-pressure perfusion may extend the
warm ischemic time and increase the incidence of microthrombus formation!l.
Perfusion speed should be limited to 10-30 mL/h to avoid liver cell edema™.

BACK-TABLE PREPARATION

The donor liver is placed and stored in a container with cold (4°C) preservation
solution (same with perfusion solution) until implantation. A two-cuff technique was
initially applied in rat OLT in 19791, With the advantage of shortened anhepatic time
and improved graft survival, it has developed as the standard anastomotic method for
the IHIVC and PV in MOLT. The cuff is prepared before the procedure, and a
polyethylene tubel>*****! and intravenous catheter””'”! are the most commonly used
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Figure 1 Necrosis of the hilar region due to ischemia of the proximal bile duct. A: Model diagram; B: General pathology; C: H&E staining.

JBaishideng®

cuff materials. The most suitable cuff size is 20 or 18 G for the PV and 18 or 16 G for
the IHIVC. Surgical blades are used to mechanically score grooves in the body of the
PV and IHIVC cuffs with a surgical microscope, which facilitates more reliable
ligation. The cuff-technique of the PV and IHIVC is similar.

The difficulty in this part is to evert the distal end of vessel over the cuff. After
pulling the vessel (IHIVC or PV) through the cuff, Qian et alll used a stabilizing clamp
to fix the extension handle of the cuff together with the vessel, put the stabilizing
clamp on the container, and then everted the vessel wall over the cuff and tied it. Pan
et al'? used forceps instead of the stabilizing clamp to secure the cuff extension
(without the PV), then fixed the forceps to the wall of the bath container. Yokota et all’}
clamped the handle of a Weldon miniature bulldog clamp with a mosquito clamp and
put soft clay on the handle of the mosquito clamp to fix it in place on the ice, then used
the bulldog clamp to hold the extension part of the cuff to fix the cuff. In contrast with
other investigators, we have found that there is no need to use additional surgical
equipment to clamp the cuff. First of all, make sure the whole donor liver is immersed
in water because the vessel wall is naturally opened under water. We carefully rotate
the donor liver floating in the dish so that the inferior surface faces upward. We pass
forceps through the lumen of the cuff to grasp the vessel so that the cuff is slipped over
the vessel. We use forceps with a 45° angle to hold the extension of the cuff and use
another curved round handle forceps to fold the end of the vessel over the cuff body to
expose the inner endothelial surface and from one side to the other, then secure the
IHIVC to the cuff by ligation (Figure 2). This method is simpler than the previous
method and a beginner could master this approach within a short time of practice.

In order to avoid bleeding from the graft IHIVC after portal reperfusion, the donor
IHIVC needs to be temporarily occluded at the back-table preparation. A micro clamp
positioned on the proximal part of the IHIVC is an effective method in rat OLT™.
However, in MOLT the donor IHIVC may be too short to be clamped; therefore, a silk
tie around the IHIVC between the attached cuff and the right inferior lobe provides a
good alternativel. However, if the tie is too tight, it could be hard to release after
IHIVC anastomosis. On the contrary, if the tie is not tight enough, it may not be
effective in preventing bleeding from the IHIVC immediately after PV anastomosis.
We recommend the use of a slipknot to eliminate this confusion (Figure 3).

IMPLANTATION SURGERY

With a midline or a transverse incision and good exposure of the upper abdomen, the
liver is separated in a manner similar to that of the donor. One difference is that the PV
and IHIVC are dissected to the level of the right renal vein and pyloric vein,
respectively. The proper hepatic artery is ligated and divided in the nonarterialized
model. In the arterialized model, the proper hepatic artery and the gastroduodenal
artery are tied to leave the common hepatic artery for stent insertion, or a segment of
the abdominal aorta is separated below the left renal artery for end-to-side artery
anastomosis by suturing. Furthermore, extensive dissection of the posterior side of the
SHIVC is performed so that a silk suture can pass through for use as liver retraction at
the time of SHIVC occlusion.

The IHIVC, PV and SHIVC are clamped in order. Before clamping the PV, a stay
suture is placed on the left and right branch of the PV as retraction for PV anastomosis.
Occlusion of the SHIVC should include a portion of the diaphragm to prolong the end
of the anastomotic vessel and to prevent tearing during anastomosis. The principle of
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Figure 2 A simplified method of cuff technique. A: Make sure the whole donor liver is immersed in water and rotate the donor liver floating in the dish so
that the inferior surface faces upward; B: Pass the forceps through the lumen of the cuff to grasp the vessel so that the cuff is slipped over the vessel; C: Use forceps
with a 45-degree angle to hold the extension of the cuff and use another curved round handle forceps to fold the end of the vessel over the cuff body to expose the
inner endothelial surface and from one side to the other (orange arrow); D: Secure the PV(IHIVC) to the cuff by ligation. (CRITICAL STEP: Immerse donor liver under
water so that the vessel wall naturally opens to facilitate vessel eversion).

Figure 3 Use a slipknot to temporarily occlude donor infrahepatic inferior vena cava. A: Demonstration of a slipknot: cross the fixed end (F) and the
slip end (S), then keep F immobile and fold S to pass through the circle; B: Put the slipknot around the donor infrahepatic inferior vena cava (IHIVC) and fasten the
slipknot. (Tip: After IHIVC anastomosis, pull S to loosen the slipknot).

recipient hepatectomy is to leave the recipient vessels as long as possible. Some liver
parenchyma is left on the posterior wall of the SHIVC to facilitate posterior wall
suture.

The SHIVC is anastomosed with 10-0 nylon suture using a one-suture anastomosis
technique. Good exposure of the venous walls, especially in the corners, is directly
related to the speed and quality of the anastomosis”, and the stay suture on the other
side of the vessel is of great help. The PV and the IHIVC are reconnected by cuff
anastomosis. Reconstruction of the bile flow is achieved by inserting the graft’s stent
tube into the recipient’s bile duct and securing it and flushing any air from the vessel
cavity to avoid air thrombosis before the anastomosis is complete.

Occlusion of hepatic blood flow causes severe metabolic and hemodynamic
disturbances. Cardiac output significantly reduces while systemic vascular resistance
accordingly increases during the PV clamping phase, leading to visceral congestion,
and accumulation of toxins, tissue ischemia, intestinal edema, bacterial translocation,
and impaired renal function1. Minimizing the duration of PV clamping is one of the
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significant features of a successful operation. When the MOLT model was first
described in 1991, recipient mice with an anhepatic period > 20 min was incompatible
with consistent success!'.

Most of the literature has reported a limited anhepatic phase < 20 min since
then>621014212420 However, Humar et al'! reported a series of arterialized MOLT
models with a mean anhepatic time of 25.78 min + 3 min (the longest anhepatic time
was 29 min), and achieved a survival rate of 86% at 30 d following surgery. The
authors attributed the success partially to hepatic arterial reconstruction. Another
group investigated a MOLT model without arterial reconstruction, whose anhepatic
time was kept below 25 min, and recorded an excellent (30 d) survival rate of 100%*.
Similarly, a research group from Pittsburgh suggested a 20-30-min anhepatic phase.
They showed that the allogeneic liver grafts survived for > 100 d without the use of
immunosuppressive agentsi.In our experience, the mice without arterial
reconstruction seem also to tolerate a longer anhepatic phase (< 25 min), which could
achieve 100-d survival. One particular case with 31 min before graft reperfusion
survived for > 30 d. We believe that the anhepatic phase does not need to be strictly
limited as before, and other details also matter in a successful model.

It is well known that hepatic arterial reconstruction is considered to be a necessary
step in human and large animal OLT™. Whether the MOLT model necessitates hepatic
artery reconstruction has been controversial from the beginning. The standard for a
successful animal model is long-term survival, which is necessary for further research.
In 2002, a comparison of arterialized and nonarterialized OLT in mice showed that
eight animals undergoing MOLT with reconstruction of the hepatic artery survived
permanently (> 1 mo), whereas only four of the eight control animals receiving a
nonarterialized graft survived”. At the same time, in another study all recipients of
arterialized (n = 6) and nonarterialized (n = 8) syngeneic liver grafts survived > 100
d®l. With such a difference, various investigators have performed MOLT with or
without arterial reconstruction based on their own experience and experimental
objectives. One-month or even 100-d survival can be observed in nonarterialized
modelsl"'>** as well as in arterialized models*>'*'%*'>! (Table 1). Moreover, dissection
and anastomosis of the hepatic artery are complicated and time consuming, which is
frustrating for beginners. Moreover, due to variation in the origin of the hepatic artery,
a few animals have to be excluded from organ donation!. In our opinion, arterial
reconstruction is unnecessary for the establishment of MOLT for most basic research.

The difficulties in the MOLT model make it only available for a few research teams,
which largely limits the development of basic research in the field of LT. Although
utilizing this model requires the expertise of a microsurgeon, we believe every detail
we summarized here would allow a beginner to master this model with a short
learning curve that will allow broader dissemination of the technique and favor the
use of this clinically important animal OLT model.
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Table 1 Summary of long-term survival of mouse orthotopic liver transplantation model

. Anastomotic Anastomotic arte Survival
. Anhepatic ~ Artery ) methods & rate (%)
Year Donor Recipient phase reconstruction Ref.
i - 1- 100
(min) (YIN) Suture Stent Donor Recipient
mo d
1991 B6AF1/B6/Balb/C B6AF1/B6/Balb/C <20 N 67
2002 Balb/C Balb/C <20 Y and N v Hepatic-celiac-aortic-  Infrarenal 100 @
mesenteric artery aorta vs
segment 50
2003 C57BL/10 CBA/Ca 145+15 Y and N R Hepatic-celiac-aortic  Infrarenal 100 @
artery segment aorta vs
100
2003 C57BL/6 C57BL/6 14-17 Y R Hepatic-celiac-aortic  Infrarenal 100 @1
artery segment aorta
2004 C57BL/6 C57BL/6 <25 N 100 e
2007 C57BL/6 Balb/C NA N g1 [
2010 C57BL/6 C57BL/6 15+2 Y v Hepatic-celiac-aortic  Infrarenal — 85.7 [
artery segment aorta
2013 C57BL/6 C57BL/6 2578 +3 Y R Hepatic-celiac-aortic  Infrarenal 1l
artery segment aorta
2014 C57BL/6 C3H NA N 100
2016 C57BL/6 C57BL/6 125+2 Y \ Celiac trunk Common 100 Cl
hepatic
artery
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