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Abstract:

Background/Purpose: 
This experimental study in rats aimed to investigate the impact of very 
early introduction (within 3 hours) of everolimus (EVR) + reduced-
tacrolimus (TAC) after partial liver transplantation (LT) on liver 
regeneration, rejection, and survival. 

Methods: 
Based on appropriate dose of EVR + reduced-TAC in 70% hepatectomy 
(Experiment 1), allogeneic 30% partial LT (Experiment 2) and whole LT 
(Experiment 3) were performed. 

Results: 
After partial LT in EVR + reduced-TAC therapy, restoration of liver graft 
weight (to that of the whole liver) was delayed compared with standard 
dose TAC monotherapy (standard-TAC) on Day 3 (59.3% vs. 72.9%; 
P<0.001) and 14 (88.1% vs. 95.5%; P=0.01). And survival was 75%, 
which was not as high as the value of 100% observed for standard-TAC, 
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because neither infection nor rejection could be prevented. By contrast, 
survival after whole LT was 100% as neither infection nor rejection 
occurred. 

Conclusions: 
The very early introduction of EVR + reduced-TAC after partial LT 
delayed liver regeneration, and made it difficult to manage the dose 
required to suppress both infection and rejection. On the other hand, 
EVR + reduced-TAC could be introduced safely very early after whole LT. 
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ABSTRACT

Background/Purpose:

This experimental study in rats aimed to investigate the impact of very early introduction 

(within 3 hours) of everolimus (EVR) + reduced-tacrolimus (TAC) after partial liver 

transplantation (LT) on liver regeneration, rejection, and survival. 

Methods:

Based on appropriate dose of EVR + reduced-TAC in 70% hepatectomy (Experiment 1), 

allogeneic 30% partial LT (Experiment 2) and whole LT (Experiment 3) were performed. 

Results:

After partial LT in EVR + reduced-TAC therapy, restoration of liver graft weight (to that 

of the whole liver) was delayed compared with standard dose TAC monotherapy 

(standard-TAC) on Day 3 (59.3% vs. 72.9%; P<0.001) and 14 (88.1% vs. 95.5%; P=0.01). 

And survival was 75%, which was not as high as the value of 100% observed for standard-

TAC, because neither infection nor rejection could be prevented. By contrast, survival 

after whole LT was 100% as neither infection nor rejection occurred. 
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Conclusions:

The very early introduction of EVR + reduced-TAC after partial LT delayed liver 

regeneration, and made it difficult to manage the dose required to suppress both infection 

and rejection. On the other hand, EVR + reduced-TAC could be introduced safely very 

early after whole LT.

ABBREVIATIONS

ALT, alanine aminotransferase

AST, aspartate aminotransferase

BUN, blood urea nitrogen

Cre, creatinine

DA, Dark Agouti

EVR, everolimus

LDLT, living-donor liver transplantation

LEW, Lewis

LT, liver transplantation

POD, post-operative day

RAI, rejection activity index
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TAC, tacrolimus

T-Bil, total bilirubin

TCMR, T cell-mediated rejection
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1. INTRODUCTION

The introduction of everolimus (EVR) allows less use of calcineurin inhibitors, which has 

led to greater preservation of renal function and reduced the risk of post-liver 

transplantation (LT) recurrence of hepatocellular carcinoma.1-4 It has been suggested that 

early introduction of EVR after LT is more effective than late introduction with respect 

to yielding these benefits.5-7 It may also be beneficial in preventing the development of 

donor-specific antibodies after LT.8 Some studies report increased safety and renal 

protective effects after early introduction of EVR within 30 days of deceased-donor LT, 

although there were concerns about adverse effects of EVR, such as delayed wound 

healing and hepatic artery thrombosis.6,9-13 In contrast to the response to sirolimus, 

another mammalian target of rapamycin inhibitor, there have been no reports of increased 

hepatic artery thrombosis in response to early introduction of EVR.14 However, it remains 

unclear whether early introduction of EVR within 30 days after partial LT, as occurs with 

living-donor LT (LDLT), is safe, since EVR may inhibit liver regeneration due to its 

antiproliferative effects.15,16

Therefore, we performed 70% hepatectomy in a rat model to determine the doses of EVR 

and tacrolimus (TAC) for LT experiments, and to investigate the impact of EVR on liver 

regeneration. Subsequently, rat allogeneic 30% partial LT and whole LT were performed 
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to evaluate the impact of very early introduction of EVR, with or without reduced-TAC, 

on liver regeneration, T cell-mediated rejection (TCMR), and survival.

2. MATERIAL AND METHODS

2.1 Animals

Male Lewis (LEW) (RT1l) rats (weighing 250–320 g, Japan SLC, Inc) and male Dark 

Agouti (DA) (RT1av1) rats (weighing 230–290 g, Japan SLC, Inc) were used. Animals 

were housed under specific pathogen-free conditions in a temperature- and humidity-

controlled environment with a 12 hour light/dark cycle. Rats were fed a standard diet 

(F-2; Oriental Bio Service) and tap water ad libitum. The experimental protocol was 

approved by the institutional ethics committee of Kyoto University (Medkyo-19610). 

All rats received humane care according to the Guide for the Care and Use of Laboratory 

Animals.

2.2 70% hepatectomy

The median and left liver lobes of male LEW rats were resected, as previously 

described.17
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2.3 Allogeneic 30% partial LT and whole LT

Fully major histocompatibility complex-disparate livers from DA donors used as high-

responder allogeneic models were transplanted orthotopically into LEW recipients 

(Figure 1A). Allogeneic 30 % partial LT and whole LT with hepatic artery reconstruction 

were performed as previously reported.18-21 The 30 % partial graft (right and caudate 

lobes) was chosen to evaluate liver regeneration.20 The detailed surgical procedures 

are described in the Supplemental Methods.

2.4 Immunosuppressive drugs

EVR (Certican; Novartis Pharma AG, Basel, Switzerland) and/or TAC (Prograf; Astellas 

Pharma, Inc., Ibaraki, Japan) were used as immunosuppressive drugs. Both drugs were 

diluted in 1 mL of distilled water and administered by oral gavage immediately after 

surgery (i.e., within 3 hours after hepatectomy or LT), and once daily every morning 

thereafter until sacrifice (Figure 1B). Whole blood trough concentrations were used for 

therapeutic drug monitoring of EVR and TAC. The target ranges for trough 

concentrations recommended for clinical practice were used. For EVR + reduced-TAC 

therapy, the trough concentrations are usually targeted at 10–15 ng/mL of the total sum 

of EVR (3–12 ng/mL) and TAC (3–5 ng/mL).11,12 For EVR monotherapy, the EVR trough 

Page 9 of 43 Journal of Hepato-Biliary-Pancreatic Sciences



For Review Only

9

concentrations are usually targeted at 5–10 ng/mL; for TAC monotherapy, the TAC 

trough concentrations are targeted at 5–15 ng/mL.1,2,22 Distilled water (1 mL) was used 

as a non-immunosuppression control.

2.5 Experiment 1: The 70% hepatectomy model 

Here, 70% hepatectomy was performed to determine the doses of EVR and TAC for LT 

experiments. First, two different doses of EVR monotherapy (1.3 mg/kg (EVR1.3) and 

2.5 mg/kg (EVR2.5)) and one dose of TAC monotherapy (6.5 mg/kg (TAC6.5)) were 

tested, with reference to a previous report for healthy rats.23 The doses were evaluated 

based on trough concentrations and renal function. Subsequently, the doses of EVR + 

reduced-TAC therapy were explored based on the doses used for each monotherapy. 

Finally, the impact of very early introduction (within 3 hours after hepatectomy) of EVR, 

with or without reduced-TAC, on liver regeneration was evaluated. Rats were sacrificed 

on post-operative day (POD) 1, POD3, POD7, and POD14 (n=4 for each).

2.6 Experiment 2: The 30% partial LT model 　

Here, 30% partial LT was performed to evaluate the impact of very early introduction 

(within 3 hours after LT) of EVR, with or without reduced-TAC, on liver regeneration, 
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TCMR, and survival. The doses used in Experiment 1 were selected because the liver 

volumes were similar. We evaluated whether the doses were appropriate in terms of 

suppression of both infection and TCMR, and their effects on renal function (referring to 

the trough concentrations). A 14-day survival study was performed for all groups. Rats 

that survived to POD14 were sacrificed to evaluate liver regeneration, liver histology, 

blood biochemistry, wound complications, patency of the reconstructed hepatic artery, 

and trough concentrations. Autopsies were performed to investigate the cause of death of 

rats that died before POD14. Patency of the hepatic artery was confirmed by bleeding 

after transection of the artery. Rats were also sacrificed on POD3 and POD5 to evaluate 

liver regeneration, liver histology, and trough concentrations during the early post-LT 

period. 

2.7 Experiment 3: The whole LT model

Whole LT was performed to evaluate the impact of very early introduction (within 3 hours 

after LT) of EVR with reduced-TAC on 14-day survival, liver histology, patency of the 

reconstructed hepatic artery, wound complications, and trough concentrations. The doses 

were as in Experiment 2. A 14-day survival study was performed, and rats that survived 

to POD14 were sacrificed.
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2.8 Trough concentrations of EVR and TAC, and blood biochemistry

Blood samples were collected on the morning of sacrifice. Trough concentrations of EVR 

and TAC in whole blood were measured in an electrochemiluminescence immunoassay 

using the Cobas 6000 and e601 systems (Roche Diagnostics), respectively. Liver function 

was assessed by measuring serum aspartate aminotransferase (AST), alanine 

aminotransferase (ALT), and total bilirubin (T-Bil) levels in a Hitachi 7700 (Hitachi 

High-Tech Co). Renal function was assessed by measuring blood urea nitrogen (BUN) 

and creatinine (Cre) levels using Hitachi 7700 and LABOSPECT 008 systems (Hitachi 

High-Tech Co), respectively.

2.9 Histology and the Ki-67 labeling index

Liver tissues were collected at sacrifice and autopsy, fixed in buffered formalin, 

embedded in paraffin, cut and stained with hematoxylin-eosin and Giemsa stains, and 

used for microscopic observations. Tissue sections were evaluated by three independent 

investigators, including an expert LT pathologist (H.H). TCMR was scored using the 

rejection activity index (RAI) in accordance with the Banff criteria of hepatic allograft 

pathology.24
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Hepatocyte proliferation was evaluated by staining deparaffinized hepatic sections for Ki-

67 using a rabbit polyclonal anti-Ki-67 antibody (Abcam, ab15580). Ten high-power 

fields (×200) were randomly selected, and the Ki-67 labeling index (%) was calculated 

from the percentage of positive cells.

2.10 Statistical analysis

Continuous variables are presented as the mean ± standard deviation. For continuous 

variables, after confirming whether the data were normally distributed using the Shapiro-

Wilk test, comparisons between two groups were made using an unpaired t-test or Mann-

Whitney U test, and comparisons between multiple groups were made with the Tukey– 

Kramer test or Dunn test. For the survival study, a log-rank test was used. P values < 

0.05 were considered statistically significant. All statistical analyses were performed 

using Prism 9 software (GraphPad Software Inc).

3. RESULTS

3.1 Experiment 1-1: Determination of the doses of EVR and TAC for LT 

experiments using the 70% hepatectomy model

The trough concentrations in the EVR1.3 group were within the target range for EVR + 

Page 13 of 43 Journal of Hepato-Biliary-Pancreatic Sciences



For Review Only

13

reduced-TAC therapy, and those in the EVR2.5 and the TAC6.5 groups were within the 

target range for EVR or TAC monotherapy (Table 1). Rats in the EVR2.5 group exhibited 

better renal function than the TAC6.5 group on POD14 (Supplemental Figure 1). 

Therefore, as the appropriate dose for 70% hepatectomy, we chose 1.3 mg/kg of EVR for 

EVR + reduced-TAC therapy, and 2.5 mg/kg of EVR or 6.5 mg/kg of TAC for standard 

dose monotherapies. Trough concentrations in the EVR 1.3 mg/kg + TAC 6.5 mg/kg 

(EVR1.3 + TAC6.5) group were higher than the targeted values, suggesting a 

pharmacological interaction. Therefore, the doses of combined TAC were reduced to 3.0 

mg/kg. In the EVR 1.3 mg/kg + TAC 3.0 mg/kg (EVR1.3 + TAC3.0) group, the trough 

concentrations were then within the target range, but renal protective effects were not 

achieved. An EVR 0.8 mg/kg + TAC 1.5 mg/kg (EVR0.8 + TAC1.5) group, in which 

EVR and TAC were reduced further in Experiment 2, was also tested. In the EVR0.8 + 

TAC1.5 group, renal protective effects were achieved, although the trough concentrations 

were slightly lower than the target values. 

Finally, the impact on liver regeneration was evaluated in the following five dose groups 

(n=16 for each): Group 1) Control; Group 2) TAC6.5; Group 3) EVR2.5; Group 4) 

EVR1.3 + TAC3.0; and Group 5) EVR0.8 + TAC1.5. All rats showed normal liver 

histology without infection. 
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3.2 Experiment 1-2: Liver regeneration after 70% hepatectomy 

Liver regeneration rates were defined according to the following formula: (remnant liver 

weight/body weight on sacrifice)/ (estimated whole liver weight (= resected liver 

weight/0.7)/pre-hepatectomy body weight) × 100 (%).25 

Liver regeneration rates on POD3 in the EVR2.5 and the EVR1.5 + TAC0.8 groups were 

lower than those in the control and TAC6.5 groups, but became similar thereafter (Figure 

2A). The Ki-67 labeling indices on POD1 in all groups that received EVR were lower 

than those in the control and TAC6.5 groups (Figure 2B).

3.3 Experiment 2-1: 14-day survival study and histological findings in liver grafts 

after 30% partial LT

The 14-day survival rates in the EVR1.3 + TAC3.0 were 20%, while all rats in the 

TAC6.5 and the EVR2.5 groups survived (n=5 for each; Figure 3). In the EVR1.3 + 

TAC3.0 group, all rats that died before POD14 showed abscess formation or sinusoidal 

bacterial colonies in the autopsied liver grafts. A representative example is shown in 

Figure 4A. The bacterial colonies were also confirmed by Giemsa staining. Of the total 

15 rats including those that were sacrificed on POD3 and POD5 (n=5 for each) in the 
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EVR1.3 + TAC3.0 group, eight (53%) exhibited abscess formation or sinusoidal bacterial 

colonies in the liver grafts. TCMR was not observed in all rats (Table 2). The trough 

concentrations were higher than targeted on POD3, and they increased even more on 

POD5, suggesting immune over-suppression. Therefore, we decided to reduce the dose 

of EVR + reduced-TAC therapy to explore the appropriate dose for 30% partial LT.

We chose 1.5 mg/kg as the dose of combined TAC, the minimum dose needed to suppress 

TCMR for TAC monotherapy (Supplemental Figures 2 and 3). And then, the dose of 

combined EVR was gradually reduced from 1.3 mg/kg to 0.8 mg/kg (Table 2). 

In the EVR0.8 + TAC1.5 group, the 14-day survival rates were increased to 75% (n=8; 

Figure 3). Of the total 20 rats including those that were sacrificed on POD3 and POD5 

(n=6 for each), four (20%) still showed abscess formation or bacterial colonies in the liver 

grafts, while mild TCMR (RAI: P1, B1, V1) was observed in one other rat within the 

same dose group (Table 2 and Figure 4B). Therefore, we could not reduce the doses any 

further. By contrast, in the EVR0.8 + TAC1.5 group, the trough concentrations in rats 

without abscess, bacterial colonies, or TCMR were close to the target values. The serum 

levels of BUN in the five rats that survived until POD14 without abscess, bacterial 

colonies, or TCMR, were significantly lower than those in the TAC6.5 group. The serum 

levels of AST, ALT, and T-Bil were comparable with the TAC6.5 group (Supplemental 
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Figure 4). Patency of the hepatic artery was confirmed in all rats that survived until 

POD14. Therefore, we considered the EVR0.8 + TAC1.5 group as an acceptable dose 

group to evaluate outcomes after 30% partial LT.

All rats in the TAC6.5 group exhibited neither infection nor TCMR in the liver grafts. 

The trough concentrations were close to the target values (Table 2). We designated the 

TAC6.5 group as a standard dose TAC monotherapy group. The mean scores for total 

RAI in the liver grafts in the EVR2.5 group were 5.4±0.5, indicative of moderate to severe 

TCMR, although the trough concentrations were much higher than the target values. 

No wound complications, including incisional hernia, were observed in any of the 

experiments. 

3.4 Experiment 2-2: Liver regeneration after 30% partial LT

We evaluated liver regeneration after 30% partial LT in the EVR0.8 + TAC1.5 group, in 

addition to the EVR1.3 + TAC3.0 group. The weight ratio of the liver graft to the initial 

whole liver was defined by the following formula: (liver graft weight/recipient body 

weight at sacrifice)/ (initial whole liver weight/recipient body weight at pre-transplant) × 

100 (%). 

The liver graft weights on POD3 in the EVR0.8 + TAC1.5 and the EVR1.3 + TAC3.0 
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groups were restored only up to 59.3±3.4% and 59.2±4.0% respectively, compared with 

the initial whole liver, demonstrating a significant decrease compared with the TAC6.5 

group (72.9±2.2%; both P<0.001) (Figure 5A). The liver graft weights in the EVR0.8 + 

TAC1.5 group did not reach those of the TAC6.5 group, even on POD14 (88.1±3.1% vs. 

95.5±4.2%; P=0.01).

The Ki-67 labeling indices on POD3 in the EVR1.3 + TAC3.0 group were significantly 

lower than those in the TAC6.5 group (53.8±11.1% vs. 78.6±4.0%; P=0.03), while those 

in the EVR0.8 + TAC1.5 group (66.4±12.6%) approached the level of the TAC6.5 group 

(Figure 5B). Representative liver sections stained by Ki-67 on POD3 are shown in 

Figure 5C.

3.5 Experiment 3: 14-day survival study and histological findings in liver grafts after 

whole LT

Only EVR + reduced-TAC therapy was performed in Experiment 3 (whole LT) because 

EVR monotherapy failed to suppress TCMR in Experiment 2. Since the EVR0.8 + 

TAC1.5 group was estimated as a low dose group for whole LT because of larger grafts, 

we chose the EVR1.3 + TAC3.0 group. All rats in the EVR1.3 + TAC3.0 group survived 

until POD14, and all had trough concentrations of EVR (8.2±2.9 ng/mL) and TAC 
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(1.8±0.8 ng/mL) close to the target levels on POD14 (n=5). The mean total RAI in the 

liver grafts was 1.0±1.2, with no TCMR. No abscess formation or bacterial colonies were 

observed in any liver graft. Patency of the hepatic artery after whole LT was confirmed 

on POD14 in all rats. Therefore, the EVR1.3 + TAC3.0 group was considered appropriate 

for whole LT.

4. DISCUSSION

The results of this study suggest that caution should be exercised with respect to very 

early introduction of EVR after partial LT. EVR + reduced-TAC therapy promoted less 

liver regeneration than standard dose TAC monotherapy. The survival rate for EVR + 

reduced-TAC therapy in the partial LT experiment was 75%, which was not as high as 

the value of 100% observed for standard dose TAC monotherapy, and neither bacterial 

infection nor rejection could be prevented. EVR monotherapy did not suppress rejection. 

By contrast, the survival rate for EVR + reduced-TAC therapy in the whole LT 

experiment was 100%, and no infection or rejection was observed.

There is interest in whether early introduction of EVR within 30 days after partial LT, 

such as LDLT, is safe and leads to preservation of renal function, as reported for 

deceased-donor LT.6,9-13 Jeng et al. reported 43 cases in which introduction of EVR on 

Page 19 of 43 Journal of Hepato-Biliary-Pancreatic Sciences



For Review Only

19

POD12 (mean; range 4–20) after LDLT was safe and feasible, but liver regeneration was 

not evaluated.26 The antiproliferative effect of EVR suggests a negative impact on liver 

regeneration, but no previous reports have carefully evaluated the effects of EVR on liver 

regeneration.

In the present study, we found that EVR delayed liver regeneration. This result is 

consistent with that reported for sirolimus.27,28 Toso et al. reported that introduction of 

sirolimus immediately after LDLT inhibited hepatocyte proliferation.29 Ideally, liver 

regeneration should be evaluated in the absence of liver damage (e.g., infection or 

rejection) because liver weight and Ki-67 can be affected by liver damage. Therefore, we 

explored the appropriate doses that would suppress both infection and rejection. Due to 

more intense liver injury after partial LT (mainly liver ischemia and reperfusion injury), 

the doses of EVR + reduced-TAC therapy determined in the hepatectomy experiment 

required reduction in the partial LT experiment. Although some rats with infection or 

rejection were included because of the difficulty in managing doses of EVR and TAC in 

the partial LT experiment, the results were consistent with those of the hepatectomy 

experiments, in which normal liver histology was confirmed, in terms of delayed liver 

regeneration. Liver regeneration was slightly delayed in rats that underwent partial LT 

compared with rats that underwent hepatectomy in the early phase after surgery, 
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regardless of the immunosuppressive regimens, with this delay possibly due to liver 

ischemia and reperfusion injury. Liver regeneration following hepatectomy plus EVR + 

reduced-TAC therapy reached almost the same level as for control and standard dose 

TAC monotherapy. However, the first few days after LT are a very critical time for the 

liver graft since it must meet the recipient's metabolic demands while not only 

withstanding rejection, but also regenerating; this is particularly true when the 

transplanted graft is small for the size of the recipient. Therefore, even if liver 

regeneration was not suppressed continually, a delay in the early phase would adversely 

affect post-transplant recovery. In this study, we assumed that the combined use of EVR 

and TAC further increased the metabolic demands on the liver and imposed a heavy 

burden under conditions of delayed liver regeneration. Consequently, blood 

concentrations of EVR and TAC became unstable, combined with pharmacological 

interactions between EVR and TAC, which led to different outcomes within the same 

dose group with respect to infection and rejection.23

As a result, survival for EVR + reduced-TAC therapy in the partial LT experiment was 

lower than standard dose TAC monotherapy. Abnormal findings in the liver graft would 

have contributed directly to death because we identified either infection or rejection in 

almost all autopsied liver grafts, while other abnormal findings leading to death, such as 

Page 21 of 43 Journal of Hepato-Biliary-Pancreatic Sciences



For Review Only

21

intra-abdominal abscess and bleeding, bowel obstruction, and wound complications, were 

not identified at autopsy. The survival rate for EVR monotherapy was 100% in the partial 

LT experiment, overcoming its negative effect on liver regeneration; however, rejection 

was not suppressed. In the H2304 trial, randomization to EVR monotherapy was 

terminated prematurely due to a higher rate of TCMR.1 

These rat experiments highlight the difficulty in managing doses of EVR and TAC to 

suppress both infection and rejection following very early introduction of EVR with 

reduced-TAC after partial LT. These difficulties are caused by the negative effect of EVR 

on liver regeneration. From this perspective, it may be appropriate to introduce EVR later 

than 30 days post-LT, a strategy practiced widely today. However, these difficulties may 

be overcome by intense dose control of EVR and TAC. In the partial LT experiment, the 

Ki-67 labeling index for EVR + reduced-TAC therapy, which was used to evaluate 

hepatocyte proliferation, approached the level of standard dose TAC monotherapy by 

adjusting the doses carefully. Rats without infection or rejection that underwent EVR + 

reduced-TAC therapy exhibited better renal function than rats receiving standard dose 

TAC monotherapy. Therefore, it may be a preferable to measure trough concentrations 

daily and fine-tuning dosage in addition to selecting larger grafts if EVR is introduced 

immediately after partial LT. 
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By contrast, all rats in the whole LT experiment survived without infection or rejection, 

despite receiving the same dose used for EVR + reduced-TAC therapy, which resulted in 

the lowest survival rates in the partial LT experiment. This result also suggests that the 

negative effect of EVR on liver regeneration would have contributed to the poorer 

outcomes after partial LT, which required liver regeneration to sustain life. In LT, the 

ideal doses of immunosuppressive drugs are those that suppress both infection and 

rejection, but the ranges of EVR and TAC doses required to prevent these negative 

outcomes were narrow after partial LT than after whole LT. There is little doubt that graft 

size has a significant impact on post-LT outcomes.

This study has several limitations. The experimental model did not completely simulate 

the clinical setting. First, recipient rats had no liver cirrhosis or renal dysfunction prior to 

LT. Second, a fixed dose of immunosuppressive drugs was administered daily. 

Nevertheless, unlike for EVR + reduced-TAC therapy after partial LT, dose adjustment 

was unnecessary for TAC monotherapy following partial LT, and for EVR + reduced-

TAC therapy following whole LT. Third, consideration should be given to species-

specific differences in drug susceptibility, the dose of immunosuppressive drugs required 

to suppress rejection, and the size of the liver graft required for survival. Fourth, we did 

not perform any LT using grafts other than 30% or whole liver grafts.
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In conclusion, the very early introduction of EVR, with or without reduced-TAC, for 

partial LT delayed liver regeneration and made it difficult to manage these doses needed 

for suppression of both infection and rejection. By contrast, EVR with reduced-TAC 

could be introduced safely very early after whole LT. 
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FIGURE LEGENDS

Figure 1. Schema of LT models and experimental design. 

(A) Schema of allogeneic 30% partial LT and whole LT models. 

The 30% partial or whole liver grafts from DA donors were transplanted orthotopically 

into LEW recipients.

(B) Experimental design.

Scheme showing 70% hepatectomy (Experiment 1), 30% partial LT (Experiment 2), and 

whole LT (Experiment 3). Immunosuppressive drugs were administered by oral gavage 

within 3 hours after hepatectomy or LT and once daily every morning thereafter until 

sacrifice. Liver regeneration, T cell-mediated rejection, and survival were evaluated using 

five different dose groups.

DA, Dark Agouti; EVR, everolimus; Exp, experiment; LEW, Lewis; LT, liver 

transplantation; TAC, tacrolimus.

Figure 2. Liver regeneration after 70% hepatectomy (Experiment 1). 

(A) Liver regeneration rate (%) (*P<0.05, n=4 for each). 

(B) Quantification of the Ki-67 labeling index (%) (*P<0.05, n=4 for each). 

Black bar = average marker. EVR, everolimus; POD, post-operative day; TAC, 
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tacrolimus.

Figure 3. Survival study after 30% partial LT (Experiment 2). 

The 14-day survival rates in the EVR1.3 + TAC3.0 and the EVR0.8 + TAC1.5 groups 

were 20% and 75%, respectively (P<0.001, n=3–8 for each). 

EVR, everolimus; LT, liver transplantation; POD, post-operative day; TAC, tacrolimus.

Figure 4. Histological findings in liver grafts after sacrifice or at autopsy after 30% 

partial LT (Experiment 2).

(A) Representative autopsied liver sections from the EVR1.3 + TAC3.0 group. 

H&E staining (left, original magnification, ×200) shows hepatocyte necrosis, abscess 

formation, and bacterial colonies (black arrow). Giemsa staining (right, original 

magnification, ×1000) reveals sinusoidal bacterial colonies (black arrows).

(B) Liver sections from one rat in the EVR0.8 + TAC1.5 group, which was sacrificed on 

POD5.

H&E staining (original magnification, ×200) shows lymphocytic inflammation and 

infiltration (white arrows) in the portal tracts (left) and perivenular areas (right), indicative 

of mild rejection. 
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EVR, everolimus; H&E, hematoxylin-eosin; LT, liver transplantation; POD, post-

operative day; TAC, tacrolimus.

Figure 5. Liver regeneration after 30% partial LT (Experiment 2).

(A) Ratio of liver graft weight to initial whole liver weight (*P<0.05; n=3–6 for each).

(B) Quantification of the Ki-67 labeling index (%) (*P<0.05; n=3–6 for each).

(C) Representative liver sections stained for Ki-67 on POD3 (original magnification, 

×200). 

Black bar = average marker. EVR, everolimus; POD, post-operative day; TAC, 

tacrolimus.
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A LIST OF SUPPORTING INFORMATION

1. Supplemental Methods

2. Supplemental Figure

Supplemental Figure 1. Serum levels of BUN and Cre on POD14 after 70% 

hepatectomy (Experiment 1). 

Serum levels of BUN and Cre were evaluated between four groups excluding the 

control group (*P<0.05; n=4 for each). Black bar = average marker. BUN, blood urea 

nitrogen; Cre, creatinine; EVR, everolimus; POD, post-operative day; TAC, 

tacrolimus.

Supplemental Figure 2. Survival study for TAC monotherapy after 30% partial 

LT (Experiment 2). 

All rats survived until POD14, except for two in the TAC0.3 group (P = 0.13; n=2–3 

for each). LT, liver transplantation; POD, post-operative day; TAC, tacrolimus. 

Supplemental Figure 3. Total RAI score in liver grafts after sacrifice or at 

autopsy for TAC monotherapy after 30% partial LT (Experiment 2). 

Total RAI score in liver grafts from rats sacrificed on POD14, and in the autopsied 
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liver grafts before POD14 (*P<0.05; n=2–3 for each). LT, liver transplantation; POD, 

post-operative day; RAI, rejection activity index; TAC, tacrolimus.

Supplemental Figure 4. Blood biochemistry on POD14 after 30% partial LT 

(Experiment 2).

Serum levels of AST, ALT, T-Bil, BUN, and Cre in the rats that survived until POD14 

were evaluated (*P<0.05; n=5 for each). One dying rat on POD14 in the EVR0.8 + 

TAC1.5 group was excluded.

Black bar = average marker. ALT, alanine aminotransferase; AST, aspartate 

aminotransferase; BUN, blood urea nitrogen; Cre, creatinine; EVR, everolimus; LT, 

liver transplantation; POD, post-operative day; TAC, tacrolimus; T-Bil, total bilirubin.
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Table 1. Whole blood EVR and TAC trough concentrations after 70% hepatectomy (Experiment 1)

EVR 1.3 EVR 2.5 TAC 6.5 EVR 1.3+TAC 6.5 EVR 1.3+TAC 3.0 EVR 0.8+TAC 1.5Trough 

concentration 

(ng/mL) (n=4 each) (n=4 each) (n=4 each) (n=4 each; (※ n=2)) (n=4 each) (n=4 each)

EVR POD 1 5.6±1.5 6.8±3.3 None 7.5±3.5 4.0±2.2 3.1±1.6

POD 3 4.9±1.6 9.6±1.4a None 14.7±1.9a,b,e 8.3±1.4a 3.9±0.6b,d,e

POD 7 4.8±0.9 9.8±0.8 None 22.1±9.1a,b 8.6±0.6d 4.6±0.6d

POD 14 5.9±1.0 9.8±0.6 None 39.5※ 13.2±2.0 3.8±0.7d,e

TAC POD 1 None None 9.2±3.5 11.5±2.1 2.6±0.8c,d 0.9±0.2c,d

POD 3 None None 11.8±2.7 10.2±3.2 2.6±0.7c,d 0.9±0.2c,d

POD 7 None None 10.4±1.5 21.6±11.5 2.4±0.7 0.6±0.3d

POD 14 None None 6.4±0.8 47.8※ 2.5±0.5 0.5±0.0c,d

Values are presented as the mean ± standard deviation.

※ Two rats in the EVR 1.3+TAC 6.5 group died

a: P<0.05 versus the EVR 1.3 group
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b: P<0.05 versus the EVR 2.5 group

c: P<0.05 versus the TAC 6.5 group

d: P<0.05 versus the EVR 1.3+TAC 6.5 group

e: P<0.05 versus the EVR 1.3+TAC 3.0 group

EVR, everolimus; POD, post-operative day; TAC, tacrolimus
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Table 2. Outcomes of all groups tested in the 30% partial LT experiment (Experiment 2)
Trough 

concentration 
(ng/mL)

Histological findings in liver grafts

EVR TAC
Abscess formation/
Bacterial colonies

TCMR

POD 3 13.1±2.2 8.9±1.8 1/5 0/5

POD 5* 20.9±16.4 21.2±30.4 5/7 0/7

POD 6* None None 1/1 0/1

POD 9* None None 1/1 0/1

EVR 1.3+TAC 3.0
(n=15)

POD 14 10.5 2.8 0/1

Total
8/15

0/1

Total
0/15

POD 7 9.3 1.6 0/1 0/1EVR 1.3+TAC 1.5
(n=2) POD 14 18.2 2.2 0/1

Total
0/2 0/1

Total
0/2

EVR 1.0+TAC 1.5
(n=1)

POD 6* None None 1/1
Total
1/1

0/1
Total
0/1

POD 3 5.7±1.3 3.7±1.8 1/6 0/6

POD 5 4.7±1.1 1.5±0.9 0/6 1/6

POD 7* None None 2/2 0/2
EVR 0.8+TAC 1.5

(n=20)

POD 14 5.6±0.4 0.9±0.1 1/6

Total
4/20

0/6

Total
1/20

POD 3 None 15.8±3.2 0/3 0/3TAC 6.5
(n=11) POD 5 None 7.4±2.4 0/3

Total
0/11 0/3

Total
0/11
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POD 14 None 12.0±5.9 0/5 0/5
EVR 2.5

(n=5)
POD 14 21.0±3.7 None 0/5

Total
0/5

5/5
Total
5/5

Values are presented as the mean ± standard deviation.
* Autopsied cases are included.
EVR, everolimus; POD, post-operative day; TAC, tacrolimus; TCMR, T cell-mediated rejection; RAI, rejection activity 
index
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