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Optimal preservation of an organ is required for successful transplantation. Using
methods available today, liver preservation is very limited in time. Efforts to extend the
viable preservation time have not been successful. Cryopreservation of organs
remains an elusive feat, as ice crystal formation is injurious to tissue and cells.
Supercooling is an alternative to cryopreservation and involves a reduction of the
temperature to below a solution's freezing point, without the formation of ice. We
recently described a method of liver preservation that makes use of a supercooled
temperature, which is achieved by use of cryoprotectants, as well a machine perfusion.
Using this novel technique rat livers could be successfully transplanted after 96 hours
of preservation.

Here we describe this supercooling technique in detail. Rat livers are loaded with 3-O-
methyl glucose (3-OMG) as an intracellular cryoprotectant by means of machine
perfusion. Polyethylene glycol (PEG) is flushed into vasculature, protecting the
extracellular space. Livers are subsequently stored for up to 96 hours at -6 oC, after
which they are recovered during 3 hours of machine perfusion and orthotopically
transplanted.
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SHORT ABSTRACT:
We describe methods to achieve successful transplantation of rat livers following 72—96 hours of
preservation, using supercooling.

LONG ABSTRACT:

Optimal preservation of an organ is required for successful transplantation. Using methods
available today, liver preservation is very limited in time. Efforts to extend the viable
preservation time have not been successful. Cryopreservation of organs remains an elusive feat,
as ice crystal formation is injurious to tissue and cells. Supercooling is an alternative to
cryopreservation and involves a reduction of the temperature to below a solution’s freezing
point, without the formation of ice. We recently described a method of liver preservation that
makes use of a supercooled temperature, which is achieved by use of cryoprotectants, as well a
machine perfusion. Using this novel technique rat liver could be successfully transplanted after
96 hours of preservation. Here we describe this supercooling technique in detail. Rat livers are
loaded with 3—O—methyl glucose (3—OMG) as an intracellular cryoprotectant by means of
machine perfusion. Polyethylene glycol (PEG) is flushed into vasculature, protecting the
extracellular space. Livers are subsequently stored for up to 96 hours at —6 °C, after which they
are recovered during 3 hours of machine perfusion and orthotopically transplanted.

INTRODUCTION:

Transplantation of a viable liver is the only definitive treatment option for tens of thousands of
patients suffering from liver disease. To facilitate successful transplantation, optimal
preservation of the liver outside of the body is necessary to prevent rapid deterioration of the
graft. The current standard for liver preservation involves cooling the liver on ice, thereby
reducing the metabolism of the liver and slowing down the effects of ischemia. Although this
cold storage technique has allowed for successful transplantation, it is only useful for a short
preservation time. Moreover, this cold storage is not ideal for livers that are already in marginal
condition . During cold storage the organ deteriorates slowly with a gradual loss of tissue
energy stores, resulting in loss of viable cells 2,

Machine perfusion techniques have been explored to potentially extend and improve
preservation >*. Although, machine perfusion seems to be advantageous for short durations of
preservation, it is less practical for truly extended durations. Machine perfusion has been
applied at the end of preservation to recover livers injured by cold preservation °. We have
attempted to recover livers at the end of extended cold storage using a subnormothermic (21
°C) machine perfusion (SNMP) system. After 48 hours of cold storage survival could be increased
from 50 to 100% using 3 hours of cold storage, but after 72 hours liver had sustained too much
injury and could no longer be recovered by SNMP ’. Importantly, after 72 hours of cold storage,
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ATP content could not be recovered during SNMP.

Cryopreservation of organs is an attractive alternative, but remains elusive. Ice formation and
phase changes in both cooling and warming significantly injure cells and tissue and prevent
cryopreservation from being a viable option to date 8, Preventing ice formation however, by
lowering the nucleation point of a solution allows us to supercool the solution to far below the
freezing point without the formation of hazardous ice crystals.

Supercooling requires the use of cryoprotectants, to protect cells from cold-induced injury as
well as to prevent ice formations. In nature, glucose is used to protect various amphibious
species from freezing °. Analogously we used a non-metabolizable glucose derivative called 3-O-
methyl glucose, which is internalized by cells and accumulates intracellularly *°. Polyethylene
glycol is also know to prevent ice formation and has membrane-stabilizing effects and was used
in this work to protect the extracellular space. With SNMP, supercooling and the use of
cryoprotectants were combined to develop a new preservation scheme to significantly extend
the preservation time of the liver. In this work we describe the methodology to achieve
successful transplantation up to 96 hours of preservation (Figure 1) (Berendsen et al, Nat Med in
press)

[Place figure 1 here]

PROTOCOL:

Approval must be obtained from an animal care and ethics committee for use of animals in the
protocol described here. In our work animals were maintained in accordance with National
Research Council guidelines, and the experimental protocols were approved by the IACUC at
Massachusetts General Hospital (Boston, MA, USA).

1. Preparation of solutions and apparatus

1.1) Prepare 3—OMG loading solution by aseptically supplementing 500 mL phenol red—free
Williams’ medium E as described in table 1. Prepare this just prior to use.

1.2) Prepare supercooling solution by aseptically supplementing 85 mL of University of
Wisconsin (UW) solution as described in table 1. Prepare this solution in advance, aliquot and
stored at 4 °C.

NOTE: The expiration date of the UW solution should be upheld.

1.3) Prepare recovery solution by aseptically supplementing 500 mL phenol red—free Williams’
medium E as described in table 1. Prepare this just prior to use.

[place table 1 here]

1.4) Set up a recirculating perfusion system that includes an jacketed organ chamber, membrane
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oxygenator, and bubble trap and a roller pump. Attach an 18G I.V. catheter to connect to the
liver portal vein (PV) just before the organ chamber (figure 2). Gas the oxygenator with 95%
0,/5% CO,. Add a divergent tube, just proximal to the PV inflow, which serves as a manometer.
Prime the system with the 3—OMG loading solution just before beginning the liver procurement

[place figure 2 here]

1.5) Ensure that the controlled rate chiller is filled sufficiently with antifreeze and is pre-set to 21
o
C.

1.6) Modify a 14G and 16G 1.V catheter to serve as the infrahepatic inferior vena cava (IHIVC)
and PV cuff, respectively. Cut a 5 mm section of catheter and make a hemicircumferential cut
midway the length of the section. Cut from one side in to meet the hemicicumferential cut,
removing one side of half of the section to create a tail. Using a cautery, make a groove in the
complete half.

2. Liver procurement and 3—OMG loading phase

2.1) Induce anesthesia in a rat of 180-200 grams, with 5% isoflurane/95% oxygen gas inhalation
and maintain with 2-3% isoflurane. Confirm adequate anesthesia by tail pinch and monitoring
respiratory rate. Procure the liver in preparation for orthotopic transplantation described by
Kamada et al. ', elongating the PV and IHIVC by ligating the supplying veins. Cannulate the bile
duct with a 2 cm section of 52G tubing

2.2) Flush the liver in situ through the portal vein with 10 mL 3—-OMG loading solution (21 °C)

2.3) Cuff the portal vein and infrahepatic vena cava on a backtable with a modified 14G and 16G
I.V catheter respectively.

2.4) Connect the liver to the perfusion system by inserting the 18G catheter of the system into
the PV cuff and begin perfusion at 8 mL/min. Adjust the flow to maintain a portal vein pressure
around 10 cmH,0.

NOTE: The resistance of the liver can be estimated by measuring the pressure on the portal vein
and dividing by the set flow rate.

2.5) Remove the first 150 mL of outflow and then close the system and allow the remaining +
350 mL solution to recirculate.

2.6) Perfuse for 1 hour and take regular samples of the solution for analysis. Sample both the
inflow and the outflow and analyze for dissolved gas and calculate the oxygen consumption as
described elsewhere®. Optionally, sample the perfusion solution (1 mL), store at —80 °C until
further use. Analyze the samples for markers of liver injury (e.g. alanine/aspartate
aminotransferase; ALT/AST) using a commercial reagent. Collect the bile and quantify in a 1.5
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mL tube.
3. Supercooling

3.1) At the end of 3—OMG loading phase, gradually lower the temperature of the controlled rate
chiller to 4 °C at a rate of 1 °C min™.

3.2) Remove the liver from the perfusion system and flush with 10 mL of supercooling solution
(ice cold) and subsequently transfer the liver to a sealable, sterile bag containing 75 mL of
supercooling solution and place the bag in the controlled rate chiller.

3.3) Reduce the temperature of the controlled rate chiller to —6 °C (at a rate of 0.1 °C min™).
3.4) Supercool the liver for 72—96 hours, or the desired duration.
4. Recovery phase

4.1) Prior to the end of the supercooling period, prime the perfusion system with the recovery
solution.

4.2) Increase the temperature to 4 °C (at a rate of 0.1 °C min™) and subsequently remove the
liver from the chiller and flush with 10 mL of Williams’ medium E (21 °C) on a backtable.

4.3) Connect the liver to the perfusion system and begin perfusion at 8 mL min* and adjust the
flow to maintain a portal vein pressure around 10 cmH,0. Remove the first 150 mL of outflow
and then close the system and allow the remaining solution to recirculate.

4.4) Perfuse for 3 hours and take regular samples for biochemical and blood gas analysis. Collect
and quantify bile production and calculate resistance of the liver. Sample the perfusion solution
(1 mL), store at =80 °C until further use. Analyze the samples for markers of liver injury (e.g.
alanine/aspartate aminotransferase; ALT/AST) using a commercial reagent.

5. Orthotopic liver transplantation and follow-up

5.1) Induce anesthesia with 5% isoflurane/95% oxygen gas inhalation and maintain with 2-3%
isoflurane. Confirm adequate anesthesia by tail pinch and monitoring respiratory rate.
Administer 0.1 mg/kg buprenorphine subcutaneously just before beginning the recipient
procedure. Begin hepatectomy of the recipient as described elsewhere? 20-30 minutes before

the end of the recovery phase.

5.2) At the end of the recovery phase, disconnect the liver from the perfusion system and flush
with 10 mL or Lactated ringers solution (21 °C) on a back table.

5.3) Complete hepatectomy, mark the beginning of the anhepatic time, and orthotopically
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transplant the supercooled liver by sutured anastomosis of the suprahepatic inferior vena cava
and cuffed anastomosis of the PV and IHIVC as described by Delriviere et al.'?. Reperfuse the
liver, and note the end anhepatic time, this should be < 20 minutes.

NOTE: The anheptic time markes the time between ligation of the portal vein and reperfusion of
the donor liver, where there is no flow through the liver.

5.4) Monitor the animal continuously for a minimum of 3 hours after transplantation to ensure
recovery of consciousness and sternal recumbency. Administer 0.1 mg/kg buprenorphine
subcutaneously for a minimum of 72 hours post-transplantation. Monitor recipients daily for
signs of liver failure and weight loss. Do not return the recipient to the company of other
animals until full recovery.

5.5) Collect 0.5 mL of venous blood daily by tail vein sampling for biochemical analysis with a
liver panel in a biochemistry analyzer

5.6) At the end of the follow-up period, induce anesthesia with 5% isoflurane/95% oxygen gas
inhalation and maintain with 2-3%. Confirm adequate anesthesia by tail pinch and monitoring
respiratory rate. Euthanize the animal by exsanguination and perform necropsy to collect
samples for histological and tissue analysis.

REPRESENTATIVE RESULTS:

Livers can be preserved at -6 °C with 100% non-freezing rate for 96 hours. During the recovery
phase liver preserved for 96 hours produce 8-70 ul g liver™ of bile and 26-91 ul g liver™ after 72
hours of supercooling. Oxygen uptake remains constant during recovery perfusion and ranges
from 2.8-8.6 mL O, min™. Resistance will generally remain constant at around 1.0 cmH,0 min
mL™ and an increasing resistance may be suggestive of poor survival following transplantation.
ATP content is reduced to 9.0% following 96 hours of supercooling, but is reconstituted
significantly during the recovery phase (figure 3).

After 72 hours of supercooling, 100% post—transplantation survival can be expected. Increasing
preservation time to 96 hours reduces survival rates to 58% (figure 4). In control groups that
have been preserved in UW solution at 0—4 °C, survival is 0%. Controls that omit any component
of the supercooling regimen (3—OMG loading, supercooling or recovery phase) result in 0%
survival. Post—operative AST/ALT may increase to 700-1000 U L™ in the first week, but continue
to decrease thereafter.

Figure Legends:

Figure 1: Graphic representation of supercooling scheme. The y-axis represents the
temperature of the liver and the x-axis the preservation time, not to scale. The varous phases of
the preservation scheme are illustrated.

Figure 2: Schematic of the subnormothermic machine perfusion system. Continuous black lines
represent tubing for the perfusion solution and the interrupted blue lines circulate cold
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antifreeze from the controlled rate chiller to the jackets of the organ chamber, bubble trap and
oxygenator.

Figure 3: ATP content. During the course of a 96 hours of supercooling ATP content decreases to
+ 9.0% after supercooling, but is significantly increased during SNMP.

Figure 4: Survival. Kaplan-Meier curve of survival after orthotopic transplantation. Controls
include protocols that omit a single element of the supercooling regimen,

Table 1: Composition of the solutions.

DISCUSSION:

Current liver preservation is limited to 12 hours, with inferior results if cold ischemic time is
extended past this limit due to relatively rapid deterioration of the liver preserved on ice . As a
result, organ sharing is limited to small regions and organ viability is lost during storage . To
improve preservation, we have attempted to extend preservation times and improve the overall
preservation of organ, by slowing down deterioration. By reducing the temperature of the liver
from 4 °C to —6 °C we significantly slow down metabolic processes that result in ischemic injury.
True cryopreservation has proven difficult due to the formation of ice crystals, which directly
damage tissue as well as dehydrating cells by drawing water from them on nucleation.

This protocol makes use of cyroprotectants and machine perfusion to facilitate a supercooled
state of preservation. Cryoprotectants can be used to mitigate cold-induced injury, either by
preventing ice formation or alleviating the effects of freezing. In this work we make use of a
glucose derivative and polyethylene glycol, which protect the intra— and extracellular space
respectively, and are able to cool rat livers to —6 °C for up to 4 days without evidence of ice
formation

Machine perfusion has proven very effective in recovering livers injured after both warm and
cold ischemia. Here we made use of machine perfusion to load the cyroprotectant into the liver
as well as recover the liver at the end of supercooling. Using machine perfusion, which supplies
the liver with nutrients and oxygen, the liver is recovered prior to transplantation, replenishing
ATP stores **. This recovery proved to be an essential component in the achieving survival.

Since the liver is cooled to below the freezing point of the preservation solution, freezing of the
liver is possible if the temperature is too low. If this occurs, it is recommended that the
temperature inside the bag be monitored using a thermocouple to ensure the temperature does
not fall below the safe temperature of —6 °C.

We previously determined that rat liver cold be preserved on ice for up to 24 hours with 100%
survival ’. Using supercooling, the viable preservation time was extended to 72 hours, tripling
the safe preservation time and successful transplantation can even be achieved after 96 h of
storage. Further optimization of this technique may allow even longer storage. This protocol will
allow other researchers to build on our initial experience.

Page 7 of 9



309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352

ACKNOWLEDGMENTS:
Funding from the National Institutes of Health (ROODK080942, RO1DK096075, RO1EB008678,
RO1DK084053) and the Shriners Hospitals for Children are gratefully acknowledged.

DISCLOSURES:

The authors of this manuscript have conflicts of interest to disclose. Dr. Uygun and Yarmush are
inventors on a pending patent that is relevant to this study (W0/2011/ 002926), and Drs.
Berendsen, Uygun and Yarmush are inventors on a pending patent that is relevant to this study
(W0/2011/35223). Dr. Uygun has a financial interest in Organ Solutions, a company focused on
developing organ preservation technology. Dr Uygun’s interests are managed by the MGH and
Partners HealthCare in accordance with their conflict of interest policies.

REFERENCES

1. Qing, D. K. Prolonging warm ischemia reduces the cold preservation limits of liver grafts in
swine. Hepatobiliary Pancreat Dis Int 5 (4), 515-520 (2006).

2. Berendsen, T. A. et al. Hepatocyte viability and adenosine triphosphate content decrease
linearly over time during conventional cold storage of rat liver grafts. Transplant Proc 43, 1484-
1488 DOI:10.1016/j.transproceed.2010.12.066 (2011).

3. Dutkowski, P., Schlegel, A., de Oliveira, M., Millhaupt, B. & Clavien, P. A. HOPE for Human
Liver Grafts obtained from Donors after Cardiac Death. J Hepatol 60 (4), 765-772 doi:
10.1016/j.jhep.2013.11.023 (2013).

4. Bruinsma, B. G., et al. Subnormothermic Machine Perfusion for Ex Vivo Preservation and
Recovery of the Human Liver for Transplantation, Am J Transplant 14, 1400-1409, doi:
10.1111/ajt.12727 (2014).

5. Op den Dries, S., et al. Ex vivo Normothermic Machine Perfusion and Viability Testing of
Discarded Human Donor Livers. Am J Transplant 13, 1127-35, doi: 10.1111/ajt.12187 (2013).

6. Dutkowski, P., Graf, R. & Clavien, P. A. Rescue of the cold preserved rat liver by hypothermic
oxygenated machine perfusion. Am J Transplant 6, 903-912, doi: 10.1016/j.jhep.2013.11.023
(2006).

7. Bruinsma, B. G., Berendsen, T. A., Izamis, M. L., Yarmush, M. L. & Uygun, K. Determination
and extension of the limits to static cold storage using subnormothermic machine perfusion. Int
J Artif Organs 36 (11), 775-780, doi: 10.5301/ijao.5000250 (2013).

8. Storey, K. B. Life in a frozen state: adaptive strategies for natural freeze tolerance in
amphibians and reptiles. Am J Physiol 258 (3), R559-R568 doi: 0363-6119/90 (1990).

9. Storey, K. B. Organ-specific metabolism during freezing and thawing in a freeze-tolerant frog.
Am J Physiol 253 (2), R292-R297 doi: 0363-6119/87 (1987).

10. Sugimachi, K., Roach, K. L., Rhoads, D. B., Tompkins, R. G. & Toner, M. Nonmetabolizable
glucose compounds impart cryotolerance to primary rat hepatocytes. Tissue Eng 12 (1), 579-588
doi:10.1089/ten.2006.12.579 (2006).

11. Kamada, N. & Calne, R. Y. Orthotopic liver transplantation in the rat. Technique using cuff
for portal vein anastomosis and biliary drainage. Transplantation 28 (1), 47-50
DO0I:10.1097/00007890-197907000-0001 (1979).

12. Delriviére, L., et al. Technical details for safer venous and biliary anastomoses for liver

Page 8 of 9



353
354
355
356
357
358
359

transplantation in the rat. Microsurgery 18(1), 12-18 doi: 10.1002/(SICI)1098-
2752(1998)18:1<12::AID-MICR4>3.0.CO;2-W (1998).

13. Abt, P. L., et al. Survival following liver transplantation from non-heart-beating donors. Ann
Surg 239 (1), 87-92 d0i:10.1097/01.s1a.0000103063.82181.2c (2004).

14. Berendsen, T. A., et al. A simplified subnormothermic machine perfusion system restores
ischemically damaged liver grafts in a rat model of orthotopic liver transplantation. Transplant
Res 1(1), 6, doi: 10.1186/2047-1440-1-6 (2012).

Page 9 of 9



Figure 1
Click here to download high resolution image

Liver Supercooling regimen BT
AT 30MG loading SNMP recovery e T4
37°Cy 9
v
21°] # ® ~ »
» Supercooling &
¥ PEGfush o
4°C i »
0°C » | _d
4 &
-6°C A A A A A A 4 4 44

72-96h



http://www.editorialmanager.com/jove/download.aspx?id=182140&guid=83713398-0ff5-473b-a014-82b1cda0d99a&scheme=1

Figure 2
Click here to download high resolution image

7 S S S g e SR s

BUBBLE
TRAPS

]

Controlled rate
chiller


http://www.editorialmanager.com/jove/download.aspx?id=182141&guid=df173247-3e39-469d-a464-a6109771b714&scheme=1

Figure 3
Click here to download high resolution image

£ o
- -
- -

ATP (pmol mg protein™!)
S
(-

-

Fresh Post-96h SC Post-SNMP


http://www.editorialmanager.com/jove/download.aspx?id=182142&guid=686b80bc-215e-4541-8fd8-870d091f6423&scheme=1

Figure 4
Click here to download high resolution image

=& 72 h Supercooling

100 sessbosccsncsscsacscsnnsssnssscsnsnsss J 100%
2k
< - ak °
= FERE L ED i, A
> 50
c
-
N - Controls
=~ 96 h HP
odo 72 h HP

0 10 20 30

Time after transplantation (days)


http://www.editorialmanager.com/jove/download.aspx?id=182143&guid=9347569d-c1ba-4c19-8592-b8e4bba447d9&scheme=1

Table 1
Click here to download Table: table 1.xlsx

Component (volume)

3-OMG loading solution (500 mL)

phenol red—free William’s medium E (Sigma)

Insulin (Humulin; Eli Lilly & Co)

penicillin (Life technologies)

streptomycin (Life technologies)

L-glutamine (Life technologies)

hydrocortisone (Solu-Cortef; Pharmacia & Upjohn/Pfizer)

Sodium heparin (APP pharmaceuticals)
3—0—methyl glucose (Sigma)

Supercooling solution (85 mL)
University of Wisconsin (UW) solution
Penicillin

Insulin

Polyethylene glycol, PEG (35 kDa)

Recovery solution (500 mL)
phenol red—free William’s medium E (Sigma)
Insulin (Humulin; Eli Lilly & Co)

penicillin (Life technologies)
streptomycin (Life technologies)

L-glutamine (Life technologies)
hydrocortisone (Solu-Cortef; Pharmacia & Upjohn/Pfizer)
sodium heparin (APP pharmaceuticals)

Lactated Ringers solution (10 mL)

Concentration

750 U L-1
40,000 U L™
40,000 pg L-1
0292gL"
10mg L
1000 U L™
0.2M

200.000 U L-1

a0u Lt
5% w/v

2UL-1
40,000 U L™
40,000 pg L-1
0292gL"

10 mg L
1000 U L™
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Excel Spreadsheet- Table of Materials/Equipment
Click here to download Excel Spreadsheet- Table of Materials/Equipment: JoVE_Materials(2).xls

Name of Material/ Equipment Company Catalog Number Comments/Description
Solutions and supplements
Williams' Medium E Sigma W1878-6x500mL phenol red free
University of Wisconsin solution Preservation Solutions Inc.  CoStorSol
Poly(ethylene glycol) BioUltra, 35,000 Sigma 94646
Insulin Eli Lilly & Co Humulin R U-100
Penicillin-Streptomycin Life Technologies 15070-063
Hydrocortisone Pharmacia & Upjohn/Pfizer  Solu-Cortef 100 mg
L-glutamine Life technologies 25030-081
Sodium heparin APP pharmaceuticals Heparin 10.000 USP
3—0—methyl glucose Sigma M4879

Lactated Ringers solution

Machine perfusion system

Masterflex L/S Digital Drive Cole-Palmer WU-07522-20
Masterflex platinum-cured silicone
tubing, L/S 16 Cole-Palmer EW-96410-16
Membrane oxygenator Radnoti 130144-001 Jacketed
Tissue bath Radnoti 158360 Jacketed
Bubble trap 5 mL Radnoti 130149 Jacketed
Carbogen gas tank Air gas Z020X9522000043
Insyte 381705/381707/381709
V. catheters (14/16/18G) BD nsyte / /
Controlled rate chiller Neslab RTE-111
Surgical instruments various various
Cautery kit World Precision Instruments 500392
Syringes various various
Sutures (6-0, 7-0) various various

ALT/AST reagent Sigma TR70121/TR71121
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Isoflrane anesthetic gas (Forane) Baxter Forane (isoflurane, USP)
Buprenorphine various various

Piccolo biochemistry analyzer Abaxis Piccolo Xpress

Piccolo Liver panel plus Abaxis 400-0003
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ltem 1 (check one box): The Author elects to have the Materials be made available (as described at

http://www.jove.com/publish ) via:

Iltem 2 (check one box):
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Open Access

The Author is NOT a United States government employee.

The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.
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course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video License
Agreement, the following terms shall have the following
meanings: “Agreement” means this Article and Video License
Agreement; “Article” means the article specified on the last
page of this Agreement, including any associated materials
such as texts, figures, tables, artwork, abstracts, or summaries
contained therein; “Author” means the author who is a
signatory to this Agreement; “Collective Work” means a work,
such as a periodical issue, anthology or encyclopedia, in which
the Materials in their entirety in unmodified form, along with a
number of other contributions, constituting separate and
independent works in themselves, are assembled into a
collective whole; “CRC License” means the Creative Commons
Attribution-Non  Commercial-No Derivs 3.0 Unported
Agreement, the terms and conditions of which can be found
at: http://creativecommons.org/licenses/by-nc-
nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version, sound
recording, art reproduction, abridgment, condensation, or any
other form in which the Materials may be recast, transformed,
or adapted; “Institution” means the institution, listed on the
last page of this Agreement, by which the Author was
employed at the time of the creation of the Materials; “JoVE”
means MylJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
means the Author and JoVE; “Video” means any video(s) made
by the Author, alone or in conjunction with any other parties,
or by JoVE or its affiliates or agents, individually or in
collaboration with the Author or any other parties,
incorporating all or any portion of the Article, and in which the
Author may or may not appear.
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2. Background. The Author, who is the author of the Article,
in order to ensure the dissemination and protection of the
Article, desires to have the JoVE publish the Article and create
and transmit videos based on the Article. In furtherance of
such goals, the Parties desire to memorialize in this Agreement
the respective rights of each Party in and to the Article and the
Video.

3. Grant of Rights in Article. In consideration of JoVE agreeing
to publish the Article, the Author hereby grants to JoVE,
subject to Sections 4 and 7 below, the exclusive, royalty-free,
perpetual (for the full term of copyright in the Article,
including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Article in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Article into other languages, create adaptations, summaries or
extracts of the Article or other Derivative Works (including,
without limitation, the Video) or Collective Works based on all
or any portion of the Article and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works and
(c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically necessary
to exercise the rights in other media and formats. If the “Open
Access” box has been checked in Item 1 above, JoVE and the
Author hereby grant to the public all such rights in the Article
as provided in, but subject to all limitations and requirements
set forth in, the CRC License.
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

5. Grant of Rights in Video — Standard Access. This Section 5
applies if the “Standard Access” box has been checked in Item
1 above or if no box has been checked in Item 1 above. In
consideration of JoVE agreeing to produce, display or
otherwise assist with the Video, the Author hereby
acknowledges and agrees that, Subject to Section 7 below,
JoVE is and shall be the sole and exclusive owner of all rights of
any nature, including, without limitation, all copyrights, in and
to the Video. To the extent that, by law, the Author is
deemed, now or at any time in the future, to have any rights
of any nature in or to the Video, the Author hereby disclaims
all such rights and transfers all such rights to JoVE.

6. Grant of Rights in Video — Open Access. This Section 6
applies only if the “Open Access” box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author hereby
grants to JoVE, subject to Section 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to publish,
reproduce, distribute, display and store the Video in all forms,
formats and media whether now known or hereafter
developed (including without limitation in print, digital and
electronic form) throughout the world, (b) to translate the
Video into other languages, create adaptations, summaries or
extracts of the Video or other Derivative Works or Collective
Works based on all or any portion of the Video and exercise all
of the rights set forth in (a) above in such translations,
adaptations, summaries, extracts, Derivative Works or
Collective Works and (c) to license others to do any or all of
the above. The foregoing rights may be exercised in all media
and formats, whether now known or hereafter devised, and
include the right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

9. Author Warranties. The Author represents and warrants
that the Article is original, that it has not been published, that
the copyright interest is owned by the Author (or, if more than
one author is listed at the beginning of this Agreement, by
such authors collectively) and has not been assigned, licensed,
or otherwise transferred to any other party. The Author
represents and warrants that the author(s) listed at the top of
this Agreement are the only authors of the Materials. If more
than one author is listed at the top of this Agreement and if
any such author has not entered into a separate Article and
Video License Agreement with JoVE relating to the Materials,
the Author represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them had
been a party hereto as an Author. The Author warrants that
the wuse, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate, infringe
and/or misappropriate the patent, trademark, intellectual
property or other rights of any third party. The Author
represents and warrants that it has and will continue to
comply with all government, institutional and other
regulations, including, without limitation all institutional,
laboratory, hospital, ethical, human and animal treatment,
privacy, and all other rules, regulations, laws, procedures or
guidelines, applicable to the Materials, and that all research
involving human and animal subjects has been approved by
the Author's relevant institutional review board.

10. JoVE Discretion. If the Author requests the assistance of
JoVE in producing the Video in the Author’s facility, the Author
shall ensure that the presence of JoVE employees, agents or
independent contractors is in accordance with the relevant
regulations of the Author's institution. If more than one
author is listed at the beginning of this Agreement, JoVE may,
in its sole discretion, elect not take any action with respect to
the Article until such time as it has received complete,
executed Article and Video License Agreements from each
such author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to accept
or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JOVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JOVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.

CORRESPONDING AUTHOR:
Dr. Korkut Uygun

Whole-liver supercooling for extended storage in transplantation

Name:
Surgery , Center for Engineering in Medicine
Department:
_— Massachusetts General Hospital
Institution:
Article Title:
Signature:

Date:

Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd on the JoVE submission site;

2) Faxthe documentto +1.866.381.2236;

3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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full, unfettered access to the facilities of the Author or of the
Author’s institution as necessary to make the Video, whether
actually published or not. JoVE has sole discretion as to the
method of making and publishing the Materials, including,
without limitation, to all decisions regarding editing, lighting,
filming, timing of publication, if any, length, quality, content
and the like.

11. Indemnification. The Author agrees to indemnify JoVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE’s attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication the
Materials. Payment is due in 21 days of invoice. Should the
Materials not be published due to an editorial or production
decision, these funds will be returned to the Author.
Withdrawal by the Author of any submitted Materials after
final peer review approval will result in a US$1,200 fee to
cover pre-production expenses incurred by JoVE. If payment is
not received by the completion of filming, production and
publication of the Materials will be suspended until payment is
received.

13. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JOVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to any
conflict of law provision thereunder. This Agreement may be
executed in counterparts, each of which shall be deemed an
original, but all of which together shall be deemed to me one
and the same agreement. A signed copy of this Agreement
delivered by facsimile, e-mail or other means of electronic
transmission shall be deemed to have the same legal effect as
delivery of an original signed copy of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement required per submission.
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Dr. Korkut Uygun
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Article Title: : :
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1) Upload a scanned copy of the document as a pfd on the JoVE submission site;

2) Faxthe document to +1.866.381.2236;

3) Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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Rebuttal Comments
Click here to download Rebuttal Comments: Responses.docx

Responses to editorial comments below:

Editorial comments:
1.Please download this version of the Microsoft word document from the "file
inventory" to use for any subsequent changes (File name: 52331).

2.In step 2.7, please specify if these analysis are to be performed by the
investigator, if so please specify how. Are the investigators sending these
samples out to a lab for analysis, or using commercial kits, please specify
accordingly. Additionally please specify the volume of sample to be taken and
describe how is the sample collected. Also mention any details if the samples
are to be preserved in additives etc.

R2. The method of sampling, storage and analysis have been added here.
3.In step 4.5, please mention any details, similar to the above comment.
R3. The method of sampling, storage and analysis have been added here.

4.In step 5.1, please write the protocol step in imperative tense. “Adequate
analgesia should be used” should be “Administer analgesia..” Please specify
which analgesia is used in this step, the dose and the route. Additionally, you
mention “as describe elsewhere” please specify a valid reference and cite it
appropriately.

5.In section 5 please mention if any anesthesia is administered. If so please
provide the details.

R4/5 Analgesia and anesthesia have been added as well as the reference to
the liver procurement protocol.

6.In step 5.3, what is anhepatic time ? please specify as a “NOTE” below the
step.
R6. This has been added as a note

7.Due to the nature of being a video based journal, JOVE authors must be
very specific when it comes to the humane treatment of animals. Regarding
animal treatment in your protocol, please only add the following information to
your text where ever applicable:

a)Please include an ethics statement before your numbered protocol steps
indicating that the protocol follows the animal care guidelines of your
institution.

R6a. A section has been added before both surgical procedures in this work.

b)Please specify the euthanasia method.
R6b. Euthanasia method has been added.

c)Please mention how animals are anesthetized and how proper


http://www.editorialmanager.com/jove/download.aspx?id=182151&guid=6be14e74-bcc8-4dad-a605-5cb9f2612fe2&scheme=1

anesthetization is confirmed.
R6c. This has been added.

d)Use of vet ointment on eyes to prevent dryness while under anesthesia.
R6d. These are not used in this study

e)For survival strategies, discuss post-surgical treatment of animal, including
recovery conditions and treatment for post-surgical pain.
R6e.This has been added in more detalil

f)Do not leave an animal unattended until it has regained sufficient
consciousness to maintain sternal recumbency.
R6f.This has been added in more detail

g)Do not return an animal that has undergone surgery to the company of
other animals until fully recovered.
R6g. This has been added.

8.After you have made all of the recommended changes to your protocol
(listed above), please re-evaluate the length of your protocol section. There is
no page limit for the protocol text, but there is a 3 pages limit for filmable
content. If your protocol is longer than 3 pages, please highlight (in yellow)
2.75 pages (or less) of text to identify which portions of the protocol are most
important to include in the video; i.e. which steps should be visualized to tell
the most cohesive story of your protocol steps. Please see JoVES instructions
for authors for more clarification. Remember that the non-highlighted protocol
steps will remain in the manuscript and therefore will still be available to the
reader.

R8. The length is now just under 3 pages.

9.Please make sure that the “Discussion” section covers the following pints
running between 3 — 6 paragraphs.

a.Critical steps within the protocol

b.Modifications and troubleshooting

c.Limitations of the technique

d.Significance of the technique with respect to existing/alternative methods
e.Future applications or directions after mastering this technique

R9. These points have been addressed specifically now.

10.DOI’s are missing in the references. Please make sure that your
references comply with JOVE instructions for authors. In-text formatting:
corresponding reference numbers should appear as superscripts after the
appropriate statement(s) in the text of the manuscript. Citation formatting
should appear as follows: (For 6 authors or less list all authors. For more than
6 authors, list only the first author then et al.): [Lastname, F.l., LastName, F.I.,
LastName, F.I. Article Title. Source. Volume (Issue), FirstPage — LastPage,
doi:DOI, (YEAR).]



R10. DOIs have been added. For the first reference no DOI is available
(http://www.hbpdint.com/EN/Y2006/V5/14/515)



