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Tracheal transplantation research plan

Clinical doctors - researchers
1.1 Leading researcher: Dr. Paolo Macchiarini, Karolinska Institutet, Stockholm, Sweden.

1.2 Clinical research coordinator: Professor Vladimir Porkhanov A., chief physician
GBUZ "Krasnodar Regional Clinical Hospital No. 1, n.a. S.V. Ochapovsky Department of
Health Care Krasnodar Krai.

1.3 Other researchers: Ph.D. Polyakov IS, Ph.D. IA Pashkov, Gilewicz IV, Fedorenko TV.

1.4 Research centers / clinics:

Clinics: State budget institution of Higher Professional Education "Kuban State Medical
University” Ministry of Health and Social Development Federation Krasnodar Regional
Clinical Hospital No. 1, n.a. S.V. Ochapovsky Department of Health Care Krasnodar Krai.

Funding: Ministry of Health and Social Development, The Russian Federation, The
Russian Ministry of Education and Science.

Monitorering system

This protocol is designed as a request for permission to transplant trachea as an
intraoperative solution for obstructive tracheal tumors and other conditions requiring
replacement of the native trachea (table 1). The procedure involves the use of bioengineered
synthetic scaffold seeded with autologous mononuclear cells, which is considered to be the
only treatment option in some patients. Lead researcher, Dr. Paolo Macchiarini, will oversee
the process with the assistance of a team of doctors and researchers who, together with the
funding organization, will be responsible for monitoring of the patients before, during and
after the procedure. These data are recorded in accordance to the requirements adopted for
individual registration cards, which can be individually reviewed by an independent data

monitoring committee or similar committee.
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Introduction / brief overview

Tracheal transplantation is the only therapeutic alternative when endoscopic and other

examinations shows that localization and extension of the obstruction (approximately 6 cm

or more than 50% of the total length of the airway) make it impossible to perform surgery to

remove the abnormal segment with adequate remaining length of healthy airway (table. 1).

In the interim, patients can get temporary relief by endotracheal curettage and / or by

inserting a T-tube into the trachea to maintain an open airway, but without surgical

transplantation the disease will usually lead to death of the patient.

Table 1 - Indications for airway transplantation

Type of Disease

Rationale

Contraindications to
Transplantation

Primary malignant tracheal tumors
(benign and malignant)

Extension of the affected
area beyond the limits for
standard trachea resectability *

The presence of systemic
metastases and mediastinal lymph
nodes (malignant tumors);
Conventional functional and
psychological contraindications

Tracheal and
esophageal fistula

Tracheo-esophageal defect
exceeding the limits for standard
trachea resectability

Malignant neoplasm

Tracheal stenosis

Extension of the affected
area beyond the limits for standard
resectability

Conventional functional and
psychological contraindications

Tracheobronchial
malacia (primary
or secondary)

Extension of the defect area

beyond the limits for standard
trachea resectability treatment
(luminal or stenting dilatation)

Conventional functional and
psychological contraindications

*(6 cm of the entire length of the respiratory tract)

The proposed protocol involves replacement of the trachea of terminal patients by

transplantation of bioengineered synthetic skeleton, seeded with autologous mononuclear

cells.
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Special training / experience

In addition to surgical methods for trachea transplantation the protocol requires the
knowledge and the experience of preparation of autologous cells, as well as the cell seeding
procedure of bioengineered synthetic scaffolds. Operation and appropriate training will be
carried out by the lead researcher; cell preparation is monitored by a specialist from

Karolinska Institutet, Stockholm, Sweden.

Approval of the clinical trial protocol

The protocol and the informed consent were approved by the Ethics Committee of the
Kuban State Medical University at the meeting on December 21, 2011 (protocol no. 8). The
new version of the protocol, the study booklet, voluntary informed consent and the patient
registration card were approved by the Ethics Committee of the Kuban State Medical
University at the meeting of February 15, 2012 (protocol no. 9) and by the local Ethics
Committee at GBUZ ""Krasnodar Regional Clinical Hospital No. 1, n.a. S.VV. Ochapovsky
Department of Health Care Krasnodar Krai'* University on January 24, 2012 (protocol no.
45).

Brief description of previous research in humans

Clinical success of similar operations with transplantation of artificial tracheobronchial
airway, performed at Karolinska University Hospital in Stockholm, Sweden, on June 6,
2011 and November 17, 2011, have shown that tracheobronchial transplantation using
bioengineered nanocomposite scaffold and autologous mononuclear cells can offer the only

chance for the recovery in incurable patients.*

Previous studies have confirmed the ability of mononuclear cells to stimulate the migration

of peripheral blood stem cells into the different tracheal layers and make them differentiate

Tracheal transplantation research plan

LJungebluth P, Alici E, Baiguera S, et al. Tracheobronchial transplantation with a stem-cell-seeded bioartificial
nanocomposite: proof-of-concept study. Lancet 2011 Dec 10; 378 (9808): 1997-2004.
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into respiratory epithelium and cartilage cells.? In carrying out this transplantation
procedure, we can not only fully remove the affected airway, but also give the patient an

optimistic chance for cure and normal quality of life.

| ST

Patient admission (3/4
days pre-op) at hospital
and Bone Marrow
Aspiration & processing

I s Mononuclear cell (MNC) Dynamic seeding

isolation l of the scaffold
inside InBreath
bioreacor using:
1.5 rpm for 48/72
hours.
A
S

Graft conditioning: GCS_F. &(lﬁp

EPO, TGF! 3, Insulin,
Dexamethason and PTH
injection )

|
IMPLANTATION

Every 2nd day for two weeks following the transplantation
patient  will receive pharmaceutical treatment (systemic
administration): analogous recombinants of GCSF and
analogous synthetics of Erythropoietin. Daily blood samples will
be taken

Fig. 1: Protocol for tracheal transplantation procedure, the first bioscaffold for transplant of artificial
bioengineered trachea nanocomposite (PET bioscaffold).

Description

Preoperative procedures:

Computed tomography of the patient 3 weeks prior to transplantation

Patient data is delivered to the companies Nanofiber Solutions (Columbus, Ohio) and Harvard Apparatus (and
other manufacturers) for fabrication of individual nanocomposite and bioreactor.

Admission of the patient to the hospital (3/4 days before surgery), bone marrow collection and processing
Allocation mononuclear cells

Dynamic seeding of bioscaffold inside the InBreath bioreactor at 1.5 rev / min for 48/72 hours.

*Macchiarini P, Jungebluth P, Go T, et al. Clinical transplantation of a tissue-engineered airway. Lancet 2008;
372,2023-3030.
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Intraoperative procedures:

Preparation of graft: an injection of granulocyte colony stimulating factor G-CSF, erythropoietin, transforming
growth factor beta-3, insulin, dexamethasone and parathyroid hormone.

Transportation of the transplant to the operating room

Transplantation

Postoperative procedures:

The patient receives the drugs (systemic application): recombinant G-CSF factor analogues and synthetic
analogs of erythropoietin every second day for two weeks after transplantation

transplant. Blood sampling is performed daily.

To date, two tracheal transplantations with bioengineered synthetic scaffolds have been
successfully performed by Dr. Macchiarini together with colleagues from Karolinska
Institutet in Stockholm, Sweden. In the first operation (June 2011) a nanocomposite
bioengineered synthetic scaffold made of POSS-PCU (polyhedral oligomeric
silsesquioxane) was used, while in the second operation (November 2011) a nanocomposite
bioengineered synthetic scaffold made of PET (polyethylene terephthalate) was used. In
both cases luminal ingrowth with healthy cells of respiratory epithelium was observed.

Fig. 2 shows the bronchoscopy results with respiratory epithelial cells after the operation in
November 2011 with a bioengineered synthetic PET-nanocomposite bioscaffold was used,
which is the same type of bioscaffold which is proposed in this protocol. The bronchoscopy
and the pattern of stained cells show the presence of a normal mucosa in the bioscaffold at

one week after transplantation.

Fig. 2: A. Bronchoscopy of the PET-nanocomposite trachea one week after implantation (November
2011), showing presence of a normal mucosa on the bioscaffold. B. Ciliated respiratory epithelial
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cells (white arrow) obtained from a brush biopsy from the center of the transplanted trachea one
week after implantation. The fact that this biopsy was done almost immediately after transplantation,
allows us to assume that the cells derive from the differentiated stem cells, and not from the spread
of normal epithelial cells from the proximal or distal end of the transplant.

Rationale for not cancelling

In the previous research it has not been any negative effects or complications which would

cause rejection of the proposed research plan (protocol).

The procedure for obtaining voluntary informed consent

Patient information is presented by informed consent (attached to the protocol). The form of
informed consent for reference is issued to patients before the procedures and is necessary
for inclusion in the study protocol. The patient is given the opportunity to familiarize
themselves with the content of the informed consent in a separate room or bring it home to
familiarize themselves with it, get answers to their questions and sign with the date and time
of signing. All preparing of the patient for transplantation provided by the protocol starts
after the agreement has been signed. Researchers register the date and time of its completion
in the patient card.

General study plan
The tracheal transplant procedure will be performed sequentially, as shown in Fig. 1

"Protocol for tracheal transplantation procedure, transplantation for the first time applied for
the with artificial bioengineered trachea nanocomposite (PET bioscaffold)".

Preoperative assessment will include the following procedures:
e Tomography of the neck and chest including a three-dimensional reconstruction of the

respiratory tract.

¢ Rigid/ Flexible fiberbronchoscopy.

e Evaluation of cardiac function (scanning with thallium during exercise).

e Assessment of respiratory function (spirometry).

¢ Analysis of blood, including blood coagulation factors.

e Evaluation of liver and kidney function.

e Immunogenic assess of peripheral blood sample for the determination of the phenotype
HLA and serologic infections (HIV, syphilis, EBV, etc.).
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e Evaluation of the patients hematopoietic stem cells baseline levels; approximately 30 mi
of peripheral blood will be taken at admission for assessment basic level of
hematopoietic stem cells, and a portion of this sample is frozen for further analyzes.

e Evaluation of endogenous baseline erythropoietin levels in the peripheral blood.
In case of successful preoperative evaluation bone marrow samples will be selected for

approximately 1-4 weeks prior to surgery.

Harvesting of mononuclear cells from bone marrow and seeding of the bioscaffold
[After 48 or 72 hours before transplantation depending onthe necessary shape of
bioscaffold (tubular or bifurcated shape)].

e The procedure will be performed under general anesthesia.

e Around 250-300 ml of bone marrow (BM) will be aspirated. BM will be passed to the
Department of Hematology or other department to isolate mononuclear
cells (MNCs).

e Cell medium DMEM  (Dulbecco  Modified Eagle’s  Medium) *+
autologous serum (10%) + antibiotics.

e Peripheral blood sample (50 ml) will be aspirated with heparin (operating) and
transferred to the laboratory for cell culture in compliance with good manufacturing
practices. These MNCs will be isolated and frozen in liquid nitrogen.

e Bronchoscopy and bronchoalveolar lavage (BAL). It is necessary to keep the BAL (take
away the supernatant, add PBS, pelleted by cell centrifugation and
freeze).

e Bioreactor will be sterilized beforehand (locally with using plasma sterilization
according to manufacturer).

e Synthetic bioscaffold will be sterilized with alcohol (ethanol) or by
gamma-irradiation, and then incubated in cell medium in2 hours before
adding cells.

¢ Necessary materials: stitching and forceps, sterilized scissors

e Incubator.

Tracheal transplantation research plan 9
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e Seeding and growing the «cells on a synthetic bioscaffold (scanning
electron  microscopy (SAM), microscopic studies of living cells,
histology).

* - environment and their manufacturers may differ.

48 hours before transplantation:

The patients receive treatment to stimulate mobilization of cells by intravenous injection of
recombinant granulocyte colony stimulating factor (Filgrastim, 10 pg/kg, not more than 30
million 1U), and erythropoietin (EPO alpha or beta, not more than 40000 IU) * 2,

The patient will receive full and accurate information through the informed consent form,

orally and in writing, about the risks of the therapeutic procedure.

Cell preparation procedure

Bone marrow separation and further manipulation

72/48 hours before transplantation (depending on the desired shape of the bioscaffold:
tubular or bifurcated) bone marrow samples (BM) will be selected by bilateral repeated
aspiration from the iliac crest, general volume 250-300 ml. This procedure will be carried
out under general anesthesia and lasts about 20 minutes.

Explanted aspirate will be transferred to the hematology unit (or to another department) to
isolate mononuclear cells (MNCs). MNCs are obtained by Ficoll gradient separation, at
density 1.077 g/ml. After separation the cells are washed three times with saline (with the
addition of 5% human albumin) to remove the residual ficoll and left in a solution
consisting solely of components approved for clinical use. The whole procedure will be

carried out in a closed system (Sepax 3 Biosafe America Inc, Houston,

*Haas R, Murea S. The role of granulocyte colony-stimulating factor in mobilization and transplantation of
peripheral blood progenitor and stem cells. Cytokines Mol. Ther. 1995; 1:249-70.

*Jia Wu, Warin R, Yu X, Epstein R, Noguchi CT. Erythropoietin signaling promotes cell progenitor transplanted
survival. FASEB J. 2009; 23 (9): 3089-99.

*Brines M, Cerami A. Erythropoietin-mediated tissue protection: reducing collateral damage from the primary
injury response. J Intern Med. 2008; 264 (5): 405-32.
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Texas) to ensure sterility and a complete automatic process®. Isolated MNCs are transferred
into a bag with 600 ml medium (Dulbecco’s Modified Eagle Medium [DMEM 10% human
albumin) and transported from operation at temperature 4°C to a laboratory working under
the principles of GMP for filling synthetic bioscaffold (sterilized by ethanol or gamma
radiation). After incubation (DMEM) for 2 hours the bioscaffold will be secured in the
bioreactor. MNCs (medium DMEM) are seeded on the surface of the graft. Then
corresponding medium and growth factors is added (10upg/cm2 of recombinant human
transforming growth factor B-3 (R & Systems, Minneapolis, Minnesota, United States), 10
nmol/l recombinant parathyroid hormone-related peptide (PeproTech), 100 nmol/l
dexamethasone and 10 pg/ml insulin (Sigma-Aldrich, Dorset, United Kingdom). The
bioreactor is placed into a incubator running with an initial rate of 1 cycle per minute for 18
hours, then the speed is gradually increased to 1.5 cycles per minute. After 48/72 hours the

chamber is placed in a sterile container and carefully transferred to the operating room.

Isolated MNCs will be checked for the following indicators:

e The number of mononuclear cells (MNCs): the minimum amount of 2x10° cells/ml.
e Cell viability by fluorescence microscopy analysis (7-AAD): range 94-98%.

e Evaluation of mesenchymal progenitor cells CFU-F.

e Evaluation of hematopoietic progenitor cells CD34+.

Altogether 15x10° cells are placed in three separate cryo-vials and frozen in DMSO, in
accordance with the standard procedure for quality control analysis. The sterile graft is then

re-inoculated with

®Dal Pozzo 6 S, Urbani S, Mazzanti B, et.al. High recovery of mesenchymal progenitor cells with non-density
gradient separation of human bone marrow. Cytotherapy. 2010; 12 (5): 579-86.
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cells in the operating room immediately before implantation (see Transplantation airway,

page 14).

Artificial nanocomposite airway transplantation

The company Nanofiber Solutions (Doctor Jed Johnson, Columbus, Ohio) developed the
graft trachea and tracheobronchial airways which is made of polyethylene terephthalate
(PET). PET has been used successfully for more than 10 years for production of
components to surgical implants and medical devices, ranging from non-absorbable suture
thread including vascular transplants and orthopedic implants. Proposed polymer for the
manufacture of a tracheal transplant is the biologically non-absorbable polyethylene
terephthalate, that has been transformed into nanofibers (intermediate diameter of 350 nm),
embedded in a semicircular spacer made of the material Dacron and forms a nanocomposite
being completely biocompatible having the nanofiber structure of a natural trachea (Fig. 3
and 4).

Fig. 3. Transformed nanofibers with a diameter in the range 300-400 nm.
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Fig. 4: Ultrastructural comparison of nanocomposite POSS - PCU (segments A, B) and PET
(segments with C, D). PET nanocomposite better mimic the appearance of natural trachea after
removal of the cells (segments E, F).

Recent published studies have shown that three-dimensional bioscaffold of PET is fully
biocompatible with human hematopoietic cells and may even encourage the expansion of
cells CD34+ ’. Additional data biocompatibility can be found in the Appendix at the end of
the procedure description.

Extensive research in vitro and long-term in vivo PET research, in vivo on toxicity and

biocompatibility have been conducted previously’ & %10 11:12.13.14 ‘£ rthermore,

" Feng Q, Chai C, Jiang X, et al. Expansion of engrafting human stem/progenitor cells hematopoietic in three
dimensional scaffolds with surface-immobilized fibronectin. J Biomed Mater Res A.; 2006 September 15; 78
(4): 781-791.

& Acocella F, Brizzola S, et al. Prefabricated tracheal prosthesis with partial biodegradable materials: a surgical
and tissue engineering evaluation in vivo. Journal of Science of Biomaterials; Polymer Edition, 2007; 18 (5):
579-594.

® Rainer and Centola M, et al. Comparative study of different techniques for the sterilization of poly-L-lactide
electrospun microfibers: effectiveness vs. material degradation. Intl Jour Artificial Organs 2010; 33 (2): 76-85.
10 Kaschke, Gerhardt Bohm HJ, k, et al. Experimental in vitro and in vivo studies of epithelium formation on
biomaterials seeded with several isolated cells. J Invest Surg 1996; 9:59 -79.

1 Zhu, Leong MF, et al. Esophageal epithelium regeneration on fibronectin grafted poly (L-lactide-
capralactone) (P11C) nanofiber scaffold. Biomaterials 2007; 28 (5): 861-868.

2 Komura M, Komura H. An animal model study for tissue-engineered trachea from pre-fabricated and
biodegradable scaffold using chondrocytes to augment repair of tracheal stenosis. J Ped Surg 2008; 43 (12):
2141- 2146.

BTsukada, Matsuda S, et al. Comparison of bioabsorbable materials for use in artificial tracheal grafts.
Interactive Cardiovascular and Thoracic Surgery 2009; 8 (2): 225-229.
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biocompatible nanocomposite has been successfully used for transplantation, which was
done in Sweden, at Karolinska University Hospital in November 2011. In the November
study mononuclear cells were isolated from bone marrow aspirates and plated on
bioscaffold via plasma sterilized bioreactor, which is described below. The results showed
improved survival rate of cells (increased number of cells, improved orientation and the
accumulation of extracellular matrix) in the PET bioscaffold compared to the POSS
bioscaffold (Fig. 5 and 6).

Fig.5: Structure of PET-nanocomposite after seeding with autologous progenitor cells

4 Kanzaki M, Yamato M, et al Tissue engineered epithelial cell sheets for the creation of a bioartificial
trachea. Tissue Engineering 2006; 12 (5): 1275-1283.
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Fig. 6: Bioscaffold of PET gives a higher cell acceptability compared to bioscaffold of POSS -
PCU.

We offer manufacturing of synthetic bioengineered trachea transplant for individual patients
based on the results of recent computed tomography and endoscopic studies; the graft will
be made of polymeric nanofibers transformed (Nanofiber Solutions®, Columbus, Ohio,
United States), having mechanical and structural properties that mimic the natural
respiratory tract (fig. 4). The company Nanofiber Solutions will manufacture the cartilage
rings of the trachea with mechanical properties similar to those of a natural trachea with its
resistance of mechanical collapse. The cartilaginous rings are sandwiched between the
nanofibers and placed at regular intervals in a special form, exactly reproduced after the
shape of the patient’s trachea, and then transformed nanofibers will be used to cover each

ring inside and outside, respectively.
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The company Nanofiber Solutions does not see any problems in terms of manufacturing the
device. As previously described, the inert nature of the polymer, combined with biomimetic
topography transformed graft nanofibers provides the necessary surface properties for
improved engraftment of cells, including mononuclear and epithelial cells specific to the

trachea.

Bioreactor InBreath

This protocol includes the design of the bioreactor design previously used by our group
during the first successful human implantation of a bioengineered trachea. The device,
known by the market name InBreath 3D Organ Bioreactor (Harvard Bioscience, Holliston,
Massachusetts), is placed inside the incubator for cell culture and consists of a single
chamber of polysulfone, where the artificial organs are placed, as well as motor and remote
control. Information about the materials used for the construction of the bioreactor can be

found in Appendix 2.

The bioreactor InBreath chamber is easily separated from the motor block and can be
subjected to plasma sterilization. The motor provides constant rotation of the cellular basis
inside the chamber, thereby providing controlled effect of the hydrodynamic forces on the
growing tracheal transplant. Protective chassis fully covers the brushless electric motor,
protecting it from the corrosive action of moisture generated inside the incubator (fig. 7).
Remote controller placed outside of the incubator, giving the possibility to adjust the speed

rotation, without affecting the incubator.
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Motor Unit Organ Chamber

L1}

Tracheal Scaffold

Figure 7: Bioreactor InBreath ® 3D Organ Bioreactor, Harvard Bioscience, Holliston, Massachusetts

According to this protocol, the synthetic bioscaffold will be specially manufactured for a
patient using the synthetic material (PET). Both internal and external surfaces of the
bioscaffold will be seeded with autologous undifferentiated mononuclear cells in the
bioreactor.

Seeding cells on bioscaffold

1. Isolated MNCs are placed in a bag containing 300 ml DMEM (added with 10% human
albumin) at temperature 4°C for transporting from the operation room to a laboratory
working under the principles of GMP (Good Manufacturing Practice).

2. Bioscaffold (sterilized by ethanol or gamma radiation), bioreactor (plasma-sterilized)
and surgical instruments (autoclaved) will be delivered in to a sterile room for cell
culturing.

3. All persons who perform the manipulation of cells, bioreactor and bioscaffold must
comply with Good Manufacturing Practices, including having sterile gloves, special
protective clothing, etc.

4. The bioreactor is opened in a fume hood under sterile conditions and placed onto a
sterile surface.

5. After that, the researcher must use a new pair of sterile gloves.

Tracheal transplantation research plan 17
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6. The bioscaffold will be removed from the primary sterile packaging and secured within
the bioreactor at the respective fixtures.

7. After the bioscaffold has been docked within the bioreactor, MNCs (+ DMEM) will be
seeded on the surface of bioscaffold.

8. 250 ml volume of medium (with the addition of autologous plasma and human
albumin) will be added to the bioreactor chamber.

9. The following ingredients are added to the medium (see Appendix 3 "List of biological
agents and characterization TGF -3"): 10 mcg/ml of recombinant human transforming
growth factor B-3 (R & D Systems, Minneapolis, Minnesota, United States), 10 nmol/Il
of recombinant parathyroid hormone-related peptide (PeproTech), 100 nmol/l
dexamethasone, 10 pg/ml of insulin (Sigma-Aldrich, Dorset, United Kingdom).

(Note: hereinafter products from other manufacturers may be used than the products
from companies which have been used in previous transplants referred to).

10. Thereafter, the bioreactor will be placed in an incubator and the chamber closed
(containing the bioscaffold, MNCs + 250 ml of medium).

11. NOTE: a bifurcate tracheobronchial bioscaffold does not perfectly fit to the shape of
the chamber and this can lead to dynamic tension in the bioreactor. This tension (shear)
will be transmitted through the external connection to the electric motor and can lead to
termination of the chamber rotations. In that case, the bioreactor must manually be
monitored every 20 minutes. In the case of a low speed rate due to influence of
dynamic tension, it is possible to balance the chamber with an object to ensure
continuous communication between these two components. In the event of a significant
dynamic tension (shift), it is necessary to understand additional action to secure the
bioscaffold. As a rule, such an event is adverse for tubular bioscaffolds.

12. The bioreactor is started with an initial speed of 1 rpm for 18 hours and then the rate

will gradually be increased to 1.5 rpm.
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13. After 24 hours, 50ml of the above medium is added into the chamber to a total volume
of 300 ml.
14. After 48/72 hours, the chamber will be placed in a sterile container and gently moved to

the operating room.

Transplantation of the airway

The patient will be subject to general anesthesia and intubated with an endotracheal tube.
Any existing t-tube will be removed. The patient will also be subject to bone marrow
aspiration, according to the procedure for preparing cells (see above). Median sternotomy
will be carried out in supine position. After resection of the damaged airway segment the
airway graft will be introduced (conditioning) with growth factors, including 10 ng/mi
recombinant human transforming growth factor -3 (R & D Systems, Minneapolis,
Minnesota, United States), 10 nmol/l recombinant parathyroid hormone-related peptide
(PeproTech), 100 nmol/l dexamethasone, 10 pg/ml insulin ( Sigma-Aldrich, Dorset, United
Kingdom, G-CSF (of 1 pg/kg) and erythropoietin (40000 1U), to stimulate the mobilization
of peripheral hematopoietic cells. *** The graft will be adjusted in size, and then proximally
and distally anastomosed to correct the defect of the respiratory tract by using non-
absorbable sutures, such as Cardionyl 3/0 (Peters Surgical). The graft will then be covered
by major omental flap wrapping (vascularized adipose tissue is separated from large
stomach bend and the right gastro-omental artery and diaphragmatically or substernal
transferred to the mediastinum) to provide long-term protection of the graft anastomoses,

and indirect stimulate neovascularization of the graft.

Sterility tests
The risk of bacterial/fungal medium contamination will be assessed be microscopic

examination prior to the transplantation. The quality of all components and medium are
controlled by the manufacturers, and remain sealed until the cell seeding procedure.
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Subsequent quality assessment of the medium is carried out by completion of the

bioengineering process (Table 2).

Table 2 - Tests and acceptance criteria

Ananus Kputepuii npuemaemoctu / Merton
CrepuibHOCTE Crepwibno / Kputepuu crepunstocty (Esp. @, 2.6.1)
OHAOTOKCHHBI <(),5 3HAOTOKCHHOBLIX eauHuLy/ M / Jlan-Tect
Muxornnasma Mukonnasma He o0Hapyxena / KyneTusauus

*British Pharmacopoeia Volume IV. Appendix XV1 a. Test for Sterility

A sample of the culture medium with the culture of MNCs will be added to the vial
cultivation for growing blood cells shortly before the incubation procedure. The appearance
of any foreign cultures in these samples within the next 48-72 hours will be deemed to be a
significant event and may result in termination of the entire procedure. During the
incubation period in the bioreactor, 24 hours after opening of the bioreactor, fresh medium
is added to the growing blood cells and samples of fluid from the bioreactor are incubated to
check for contamination. On the day of surgical implantation, as mentioned above, the neo-
trachea is evaluated for cell growth and coating of the bioscaffold surface; at this point,
samples from the medium from the bioreactor are sent for STAT analysis and Gram-
staining, as well as being stored in vials for cultivating blood cells. If Gram staining gives a
negative result, the graft will be considered as microbiologically sterile and ready for
implantation into the patient’s body. A small piece of the graft will be selected in the
operating room prior to implantation for analysis of cellular culture. It will be placed in a
tube for a standard smear and subjected to the standard analysis for [...] fluid from the
wound. All samples will be analyzed a total of 14 days to evaluate the availability
microbacteriological and fungal infections. Certificates of analysis will be included in the

reports.

Tracheal transplantation research plan 20
Confidential
Version A



Postoperative procedures

To stimulate the process of regeneration in the postoperative period, the patient will receive

pharmacological agents with following systemic injections:

a) Recombinant analogues of G-CSF (Filgrastim, 10mcg/kg/day, no more than 30
mcg/kg/day)

b) Synthetic analogues of erythropoietin (EPO alpha or beta, max40000 I1U).

Both of these factors will be administered in adequate concentrations (in reduced doses not

associated with any side effects) for stimulating mobilization and transformation of

3451518 and bone marrow cells [...] day automatic controlled plasma

progenitor stem
erythropoietin level and calculation of whole blood (including leukocyte blood count).
Levels above 50000-60000 cells in the blood will be considered a manifestation of toxicity
and as a result will be reduced dose or discontinued. The treatment is carried out every other

day for two weeks after transplantation..

Follow-up
Follow-up will include:

e Endoscopy (flexible or rigid bronchoscopy) of the transplanted respiratory system every
day or every other day (when clinically indicated) during the first week and at least once
before discharge from the hospital.

Bronchoscopy is performed on a monthly basis for the first six months and then every 6
months for the first 5 years. Samples from the respiratory airway mucosa shall be
collected and stored for quality analysis.

e Counting of blood cells, (including leukocyte blood count) every day during the first two

weeks.

> Bader, A. Macchiarini P. Moving towards in situ tracheal regeneration: the bionic tissue engineered
transplantation approach. J Cell Mol Med 2010; 14 (7): 1877-89.

18 Jungebluth P, Moll G, Baiguera S, Macchiarini P. Tissue engineered airway: a regenerative solution. Clin
Pharm Ther 20 12; 91:81-93
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e Evaluation and calculation of mobilized progenitor cells according to the graph below:

GCSF & EPO,
every second day PBMCs will be stored in vials of 5:108
each in liquid nitrogen
oP D. before
D-3 D.-2D.-1 D.0 D.+1 D.+3 D.+4 D.+5&6 D.+7 D.+8,9&10 D.+14 discharge
E-4a.._F 3 | | | Ll 1 Lil | 1
rramm™M 1 T T 1 | T | I
l PB 40+10m l
BM 40 ml
PB 40+10mi BM 40mi
PB 40+10ml PB 40+10ml
v
d PB 40+10mi
PRE-OP:
BM 40ml v §§+10 |
J PB40+10ml w
BM 40ml
| PBao+10mi gy FRAOTIOM
PB 40+10ml
BM 200ml 40omi=in heparin tubes for plasma BAL will be taken with
PB 100ml 10mi=non-heaprin tubes for serum each bronchoscopy

e Assessment of immunogenicity. After 3, 7 and 30 days after transplantation blood
samples will be taken for analysis of HLA by OIA antibodies. Subsequent immunogenic
studies will also be performed on 3, 6 and 12 months after transplantation.

e Computer tomography of the neck and chest with three-dimensional reconstruction of the
transplanted airway will be done during the first, third, and sixth months during follow-
up, and then every 6 months within the first 5 years.

e Subsequent cancer surveillance in children will be performed throughout the patient’s

life and include standard examinations.
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9.0

10.0

11.0

Expected risks

The positive effect of this operation is supposed to be greater than the risk since this
procedure may be the only possible chance of cure for some patients. Training will be held
in appropriate cell laboratory in compliance with good manufacturing practices. In addition,
numerous sterility tests will be carried out on all cells and materials before tracheal
transplantation. If the sterility of cells and materials will be called into question, which

seems unlikely, the whole procedure will immediately be terminated.

Adverse events

Possible complications of the transplant are postoperative bleeding, injury to the nervus
recurrence, respiratory infections, anastomotic leak, wound infection, respiratory failure and
the need for mechanical ventilation. All adverse events should be documented and
communicated to the lead researcher, the sponsor and the Ethics Committees of the
University and the Hospital. Address and phone number of the clinic for emergency GBUZ
"Regional clinical hospital (N) 2 (I) S.V. Ochapovsky Department of Health Care Krasnodar
Krai "at the address: 350086, Krasnodar, street. May Day, d. 167, Tel.:( 861) 252-73-02,
260-35-11, Head of the Oncology Department, doctor of higher category, PhD Polyakov,

Igor Stanislavovich

Introduction of amendments

The clinical trial plan cannot be changed without the written permission from the lead
researcher, the funder, the Ethical Committee of the University and the Clinic. Amendments
may require regulatory approval prior to their entry into force. All the amendments to the
protocol, the patient’s informed consent map, must be approval by the Ethical Committee of

the University and the Clinic.

Tracheal transplantation research plan 23

Confidential

Version A



12.0 Publication policy

The results of this research can be used for publication.

13.0 Individual registration card (separate application)
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Appendix 1: Biocompatibility, acceptability / cell proliferation and mechanical
characteristics of PET medical devices available on the market at present
time.

Bioscaffold material: polyethylene terephthalate (PET) is not absorbable.

Summary on biocompatibility: polyethylene terephthalate has for more than a decade
successfully been used in fabrication of numerous of surgical implants and medical devices,
from intracardiac and vascular grafts to threads for surgical sutures. The company
Nanofiber Solutions (Columbus, Ohio) has developed tracheal and tracheobronchial
bioscaffolds imitating the nanofiber structure of the natural trachea (Fig. 8). These
bioscaffolds are made of non-absorbable polyethylene terephthalate transformed into
nanofibers with an mean diameter of 350 nm.

Fig. 8. Electron micrograph scanning of purified human tracheal cells (A) and artificial PET
trachea manufactured by the company Nanofiber Solutions (B).

An artificial tracheobronchial graft using bioscaffold from PET-material has already been
successfully transplanted at Karolinska University Hospital, Stockholm, Sweden, in
November 2011. The clinical success of this operation indicates that the tracheobronchial
graft of bioengineered nanocomposite and autologous mononuclear cells may be the only
chance of cure for some patients.

We propose to use the same material for the bioscaffold and the same procedure for its
production, which has been successfully used for the tracheal transplantation in November,
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2011, using this Protocol. The polymer nanocomposite PET has carefully been studied on
cell compatibility, and recent surgery, performed at Karolinska University Hospital,
demonstrated its acceptability, ability to allow for proliferation of autologous mononuclear
cells and early (7 days) re-epithelialization with respiratory epithelium.

Conclusion: information on the biocompatibility of implantable prostheses made of PET-
material such as spinal cord, esophagus and cardiac valves is provided in the table below.
All data confirm excellent biocompatibility when using the material for medical implants
for vital organs. These data, and also the successful tracheal transplantation in a patient in
November 2011, have shown excellent biocompatibility, allow concluding that the proposed
bioscaffold material meets the requirements of biocompatibility and is safe for use.

Data on biocompatibility of medical devices made from PET, at the present available on the

market.
Tecr na Kpurtepun Cepiaxa #1— Ceblaka #2— Ceprira #3— Cebika #4—
OHOCOBMECTH npuemJie CIHHAJIbHBIH IHAOCKONMYeCKH i cepaeunbIH Carpentier-
MOCTH MOCTH HMIJIARTAT umnaanTat Enteryx™ gpesKaTerep Edwards™ ]
Per ISO 10993 Zimmer Dynesys IS JIeYeHHs HBIH KJIanaH S.AV. ™
(FDA 510(k) racrpo3soareasbHOK Edwards 6uomnpores,
K092234)- pedaroxcnoi Goneznu | Sapien™ (FDA | moaeas 2650
KommnonenT (FDA PMA P020006)"® PMA (aoprHbIii)
cnurHoro mosra'’ P010041)" (FDA PMA
P10041)*°
I{urorokcuynocts | 0, 1 win 2 COOTBETCTBY COOTBETCTBYET COOTBETCTB | COOTBETCT
(HeToxcH4iHO) ET (OTcyTCTBHE NPH3HAKOB YET BVET
(0 nna Beex TOKCHYHOCTH) (HETOKCHYHO)

17 Zimmer Spine FDA Executive Summary, 2009, for K092234:
http://www.fda.gov/downloads/advisorycommittees/committeesmeetingmaterials/medicaldevices/medicaldevi

cesadvisorycommittee/orthopaedicandrehabilitationdevicespanel/ucm 188734.pdf

'8 Medical Technologies Enteric FDA Summary ofSafety and Effectiveness, 2003, for PO20006:

http://www.fda.gov/ohrms/dockets/ac/03/briefing/3921/SSED.pd

¥ Edwards SAPIEN Transcatheter Heart Valve ™ FDA Summary of Safety and Effectiveness, 2011, for

P0O10041:http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices
[MedicalDevicesAdvisoryCommittee/CirculatorySystemDevicesPanei/UCM?262936.pdf

2 Capentier-Edwards S.A.V. ™ TM Bioprosthesis, Model2650 (Aortic) FDA Summary of Safety and
Effectiveness, 2002, PO10041: http://www.accessdata.fda.gov/cdrh_docs/pdf/PO 10041b.pdf
Tracheal transplantation research plan 26
Confidential

Version A


http://www.fda.gov/downloads/advisorycommittees/committeesmeetingmaterials/medicaldevices/medicaldevicesadvisorycommittee/orthopaedicandrehabilitationdevicespanel/ucm%20188734.pdf
http://www.fda.gov/downloads/advisorycommittees/committeesmeetingmaterials/medicaldevices/medicaldevicesadvisorycommittee/orthopaedicandrehabilitationdevicespanel/ucm%20188734.pdf
http://www.fda.gov/ohrms/dockets/ac/03/briefing/3921/SSED.pd
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/CirculatorySystemDevicesPanei/UCM262936.pdf
http://www.fda.gov/downloads/AdvisoryCommittees/CommitteesMeetingMaterials/MedicalDevices/MedicalDevicesAdvisoryCommittee/CirculatorySystemDevicesPanei/UCM262936.pdf
http://www.accessdata.fda.gov/cdrh_docs/pdf/PO%2010041b.pdf

Teer 1a Kparepun Cenasiwn #1— Cepraxa #2— Cepiars #3— | Coppria #4—
GuocoBMECTH npHeMae cnAHAABLHBIH IRAOCKONAIeCKHA cepaeNnbii Carpeatier-
MOCTs nocTi MM OARNTAT wnimasnrar Entoryx™ MPCIKATCTOR Edwards™
Per 1SO 10993 Zimmer Dynesys JAR JEReHyR I IR nan S.AV.™
(FDA 510(k) racTpoasodareannnod Edwards fnonpores,
K092234)- pedhaoxcoit Gonesan | Sapiea™ (FDA | momeas 1650
Kosnouenr | (FDA PMA P020006)"® PMA (a0pyHMi)
conrnoro Moara" PO10041)" (FDA PMA
P10041)"
obpasuos; (sHraSuponay
ICTORCHYHEIA) He - 0%)
Ocrpuz cucesmuan | Teorupyemsii COOTBETCTBY COOTBETCTBYET COOTBETCTS | COOTBETCT
TORCHYHOCTY HMIUTEHTAT ET (yEoRMETBOpACT YET BYET
A (e maGamascres | nporepnam Bapm. CLIA Ulonanma (resvonen )
MPORCMOHCTPHP MPHIHAKOR (USP)) HIMEHEHHA &
O0BATL S TOKCHHHOCTH M TeHeHHe 72
GHOCrHYESKYIO | TeTepH Beca ~2 1) 41C0B)
PeaKWED no
CPABHEHHKD ©
KOHTPOTbHOA
rpynmi
{Muui);
< 2 meupeit
MOFYT HMCTh
upn.)mnn
TOKCHIHOCTH; <
3 Muieeii soryr
NPOEMOHCTPHP
OBETE HOTEPIC
) aeca =2 7 = = |
TeoT Ha Tlokazrens C)OTBETCTBY | COOTBETCTBYET | COOTBETCTE | COOTBETCT
pazlpakee GCHOBICTO ET (VROBACTBOPAET YET BYET
NEPEHIHOTO (e sscserozer kpurepiam USP) (e puismnaer | (Me Busaer
PA3APEKHTCRA panpaxcenus; Pl PERIAPSHEHHA) | PA3APANCHHA)
(PIT) Wikana ot KATCTOPHA
004 prapascans —0)
(He3ssHTeNb
Bl );
He BRIMAZET
paIpEKEHHR
Teer na Metiee, yem COOTBETCTBY | COOTBETCTBYET COOTBETCTH He
MYTArCHHOCTb ABYKPATHOC ET (Heramienete YET MPOBOAMICK
yueAuqene (seMmyTaresnsi; peEsyNSTATSH) (xeraTvnsbic
“HCna MEHEe, deM pesyauTaTsy)
PLBCDTAHTHBIX ABYKPaTHOE
KOMORHEE VIETHYEHHE LA
NALKY 10 KAKAOI0 IITaMma)
CPRBHEHHIC CO
Cpemnnm
SRCION
KOnoRHi
KOHTPOABHOH
TRYNIs AR
KAWIOO
UFTAMNG
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Tecr ta Kpirepun Cevpirca #1-— Cebiara #2— Cepika #3— | Cesrara #4—
GrocoBMICTR npuemIe CAMHANE IR IHAOCKORHIECKNIT cepaens it Carpenter-
MOCT) MOCTH HMOAAHTAT wmLTaHTar Enteryx™ qpeIRaTeren Edwards™
Per 1SO 1993 Zmmer Dynesys AR ACHCHUA MBIl Kaanau S.AY, ™
(FDA 510(k) TACTPOIIOOATERIIB MO Edwards GHonpores,
K092234)- peparokemii Gonesnn | Sapien™ (FDA | mozeas 2650
Kosnowenr | (FDA PM4 P020006)"* PMA (aopTHMit)
cruE0n0 Moira' PO10041)"" (FDA PMA
P10041)*°
Annepriyecan Knace <1 v OOYOTBETCTBY COOTBETCTBYET | COOTBETCTE | COOTBETCT
npoba OTCYTCTBHE ET (Knace ' Cnaban VET BVET
ROMHOA (praKums He PCAKUMA, JIBHBANCHTEA |  (HC BhI3siBACT | (HC BRI3bIBACT
ANNEPTHYECKOG wpeswuaer §; HETATROHOMY ANIEPIHUCCKOR | WMEPrHvLCKO
PCRKUNH, NAePTHYECKAR KOHTION:0) PeaKLM) A peaxuau)
MPCBLILAR ICH pearuya 0%);
peasuno kmecuduumpyerc
KOHTpONBHOM 1 Kax Knace |
rpyninu, C {Cnabiii
HENOMIOBANMHE aanepren)
M MO
Magnusson-
Klingman,
Karace I, Krace
WINEPrHIECKOi
DCAKLEH
«Cralpii
AVIEPIEHn
TeeT ua Tesmneparyvpuas | COOTBETCTBY He npowguaca COOTBETCTE He
MHPOFEHROCTE pasHHIa He ET YET MPOROISICH
NPEBLULRCT {HenMpOreHHBINA; ¥ (He Guiao
0,5 °Con HHBOTHBIX HEG SapCLHCTpHpOs
HCXONOH abnuonaocs HO NOBLILLEHHS
TeMINCPRTYPE TOBBILEHMA WM MIMEHEH M
Hepes 1-3 ywaca TeMMCPATYPEL TCMMCPATYPLI)
noene peeaenns | Coee yem wa 5
rPEaveoR
Lienscug)
Tect Ha Hemymaresined, | COOTBETCTBY COOTBETCTBYET COOTBETCTER He
FEHOTOKCHYBOCTE, | eCiH ET (HeramBHbC YET NpOBOAKICA
MYTAURH RACTOK HIOARPOBRHMAR DRCTPAXTH HE peayTaTLY)
MICKOTHTAKMIMX | KyABTYPE NPORBHIIM
TCCTHEYEMOIO Ny TAECHHOCTH)
olipasia uMeer
HACTOTY
MYTaUHi Menee,
yew
ABVKPETHOC
YUETHEHHE
A% pESTROPA
KOHTPONLHOH
rPYnne
Anams Hemymarchnnift, | COOTBETCTBY COOTBETCTBYET COOTBETCTE | COOTBETCT
abeppausn CCITH JHUHCHHE ET (HETATHBHBIE YET BYE]
XPOMOCON p =005 nm (remyrarenssiii; pesy/ITATH) (emyTRrennsi | (Hemyraresnm
TCCTHRYEMOTO Her i)
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Tecrm Kpurepuu Copiawn #1— Centm #2-—— Cemara 83— | Conuixa #4—
GuocosmeTa fnipyemae CBANGREE INACCKROTHIECK i cepueTHbIH Carpenfier-
Moot MOCTT HMOAAWTAT wmnaanTar Entoryx™ apeIaATeToD FdwarddT™
Per 1SO 11993 Zimmer Dynesys AR Aedenun ML KARnaN SAV.™
[FDA 510(k) racrpoazodareasnnoit Edwards Guonpores,
K092234)- pedaoxchii Goneann | Sapien™ (FDA | monean 2650
Komnonewr | (FDA PMAP020006)" PMA (aoprHmii)
cmimBoro mosra'’ PO10041)"” (FDA PMA
r10041)™
obpai no CTATHCTHHECKH
CPRBHEHHIO © IHAUHMOIQ
KOHTPUILHON IBENHHCHHA B
Ipynnon ¢ ypoBue
MOrATIRHEIM afeppainnd
YPORHCM
abeppamn
MozkomHag Pasnmua Mmexay | COOTBETCTBY COOTBETCTBYET COOTBETCTE He
T ET T CpeLHIs ET (yaoeaereopaer VET TIPOROANICA
MOKA3aTeAeM (HC BEIBIBACT xpuTepuim USP) {#¢ Boi3EiRACT
TECTHRYEMOTO FI3ADAAEUHA; PasipaAenin)
olpasa u PRIHKLA
CPC/IHIM THTONATON0MHYES
MOKAIATEREM KEX TOKA3S&TeNER
KOHTPONEHOH pasua 0)
FpymTa
PRUNAETCR
creners
HHKANCY ALK,
HE BRIZEIET
PAIIPEKCHHA,
SCAH PRIHMUD
papusercy
HYJIKO
HNonoctpas 2x-HenensHoe He npopoauica COOTBETCTBYET COOTBETCTE He
TOXCHYHOCTE HCCNICA0BARME (nerokceHEIi) YET MpOBOAHICA
TOMOI ARG & (Ferosanaraad)
BHYTPHECHHEIM
BRCICHACM
npenapara
MEBEAN;
HCTOKCHYHBIH
XpoHuecxal Ouenra He nposoxncs COOTBETCTBYET COOTBETCTE | COOTBETCT
TOKCHUHOCT BHYTPHMBIIEYH {HeTOXCH N, Cradas YET BYET
ON0 UMILRAHTATE BOCHANHIENLHAR (RevokeHUHER | {HeTOXCHSHbIH
¥ KpOJIHKa; peaxuHa uwpes | rox) nocne 90 nued) necae 50
HETOKCHYH bl AHER)
Kanuvpw vsaovie | sasti2 L upoouasumn COOTDETCTDY LT He vapronazanisn e
TPANCTEHHAR (eexanieporensblit) NpasoAMICA
MOREN: MBI (TaK xak
— 6 MCXRUCE; TECTHPYEM e
HeKRHLEPOreH ofpasib He
B MPOHBHIH
MYTATEHINO
NOTENUMAND)
TesocosMecmoc | He He nposoasics He nposasics COOTBETCTE | COOTBETCT
Tracheal transplantation research plan 29
Confidential



Teer m Kpurepun Cebtaka #1— Cepbinea #2— Cesinia #3— | Ceptawa 34—
GnocoBMeTH npiense MHBAAL LR IMAOCKOTHYCCKHH cepaeyb i Carpentier-
MOCTE MOCTH HMNARHTAT umiUanTat Eateryx™ upeskaTeTen Edwardi™
Per 1SO 11993 Zimmer Dynesys AR ACICHHA Hell Kaanau SAYV. ™
(FDA 510(k) racTpo330gareaasHow Edwards Bronpares,
K092234)- peduoxendi Bosesnn | Sapien™ (FDA | mopeas 1650
Komnouent (FDA PMA P020006)" PMA (aopTHmil)
CHIHNORo Mosra’’ PO10041)"" | (FDA PMA
r10041)""
Th HabneaRNOcH YET BVET
reNOakL iR (e nosanan e | (He nosmMan
vitro; gpems TEMOIIIS 3 BPEML | HA reMOM3 W
CBEPTEHERHNA CRCPTHIBAHHR) BpeML
HE SEINEH N CREDTHINANHA) |
Buigoas YIOBJIETBO | CCOTBETCTBY | COOTBETCTBYET: COOTBETCTB | COOTBETCT
PUTENLHO ET: Crenen Honrocpoyioe (12 YET: The BYET:
MOMAKEHHA mecaues) Heureaosanme | Ceplednsit Knanan
TREHER B TEHEHHE | IHAOCKONHHGKOTO ypesKaTeTepHeil | Moaen 2650,
l HeILTETeRHOre | anmnanrara Enteryx wa | raanan SAPIEN | marepuanu
HEpHea Be colaxax Aodcau [LICHKY M3
i HINEHUAUCh, npoaeMoncnuposano, | Y0D0TFX 3T, fum
ET-vacraum He | wro TT3T-marepnan YAOBRCTROPALT | YCAEWHO
BbIBAIH HUKAKKX | MOWeT OnTebelonacHo | poem NpOTeCTHEOBR
HMUYHOJIOTHYECKH | Be&aen cobaam ¢ TPEOOBAHKAM M 18
¥ praviall MUHHAA TR funraruescruan | SUncorMesTu
BRBOYAR PCAKUHAMK TPH T, MOCT.
HILYKUHK) WIHTENLHON Pesyavram in
OCIRMIHINER] HCNONLSOBITHH. Vivo
CHETEMHOMN HMAAAHTAUHA
TOHYHOCTH e N3 KHBOTILIX
HAfH 1 am0Cs. "
Cxipocts AONTOCPOTHAI
K&eCTo X
FARHBACHNA RIHHUYCCKHX
TECTHPYEMBIX H HCNbITAHMA
ORI LA SAV
HIBOTHEIX b/ Xnanaxa p
CXOHBIMY H GezonacHocTs
COUTRETCTAOBANN NOKTELPHIZIO
Ha CAKJI0M ITanc T
HEUIELOBIIHA, GrocopMesTH
MOT
FOTOROTO
VETpPOiicTER

Engraftment and cell proliferation

PET polymer has been extensively analyzed for cellular compatibility and proved its ability
to effectively support the implantation of cells, their dispersion and attachment for
exogenous agents and preservation of the phenotype of cells, and was shown to have
biomechanical dynamic ability to handle stress.! In addition, bioscaffold, consisting of
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transformed nanofibers have demonstrated the ability to provide relevant micro-habitation
for [...] and [...] differentiation of progenitor cells. %2

Fig. 9. PET bioscaffold of transformed nanofibers shows: (A) original microstructure fiber
network (B) nano-pores on the surface of the fibers that contribute to cell attachment, (C)
section fiber-demonstrates a lack of pores within it, (D) relatively dense flat bottom surface
bioscaffold for slower cell migration cell in the spot with medium.

2 Nam J, Rath in Knobloch, TJ, Lannutti JJ, Agarwal S.Novel electrospun scaffolds for the molecular
analysis of chondrocytes under dynamic compression. Tissue Eng Part a. 2009; 15 (3): 513-23.

22 Nam J, Johnson J, Lannutti JJ, Agarwal S. Modulation of embryonic progenitor cell differentiation
mesenchymalvia control over pure mechanical modulus in electrospun nanofibers. Acta Biomater. 2011; 7

(4): 1516-24.
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Mechanical characteristics of the bioscaffold

SPECIMEN Electrospun bifurcated * scaffold produced by Nanofiber Solutions,
Columbus, OH.

TEST Uniaxial tensile test.

CONDITIONS  Universal testing machine Lloyd LRX
Load cell: 2500 N
Preload: 1 N
Speed of testing: 1 mm/s
Stainless steel custom-made grips fixed to the rigid rings of the scaffold.
In order to prevent slippage, grips were pre-glued to the sample.
Tests were carried out on both as-received scaffolds and scaffolds sterilized by
immersion in ethanol overnight and then dried for 24 h.

For each specimen 5 measurements were performed.

Measured parameters: Force at break (Fmax).
Elongation at break, defined as the percentage
increase in length, before the break occurs, with
respect to the initial length of the specimen.

W3AEJTHE

Paznsoenuni GMoKapKac U3 TpaHCHOMHPOBAHHLIX HAHOBOJIOKOH, NIPOMIBEICHHBIH KOMIRHKEHR
Nanofiber Solutions, r. Konymbyc, Oraiio, CLIA

AHAJIU3

Mensitanne Ha 0AHOOCHOE pacTaXeH e

YCIOBHA

YuuscpcasbHad ucneitarcipHas maumta Lioyd LRX

Harpysxa sayefixe: 2500 H

[lpensapuransnas narpyska: 1 H

CxopocTh pacTaxenus: | Mm/c

Crneunanbesie 3auMbl 13 HEPKABEIOWEH CTANM NPUKPLIVIRIOTE K TBEPAMM KO/bilaM
Ouokapkace. Jias npefoTspaieH1a CoCKaIb3bIBAHAA 3RKMMb] TDHKNICHBAIOTCR K OHOKApKiCY.
AHanns Obli npoBeacH Ha 060uX noyucHHBIX BHoKapxacax, OroKapKacel ObiK CTEPHIHDBANE]

Tracheal transplantation research plan 32
Confidential
Version A



NyTeM NOTPYKEHUS B 3TAHON HA OHY HOYB, 8 3aTeM BHICY(EHE B Teyenue 24 yacos. [lig
KaXJI0r0 H3/1e11s OBINO BLIMOJHEHO MO 5 HIMEPSHHiA

Hamepenusie napamerps:: Chia paspuisa (F max)

PacTiseHue Npy paspeise, ONPEACIACMOC KAK [IPOLCHT YBEAUYCHAA JHHb] NIEPEL MOMEHTOM
Pa3pLIBa, N0 OTHOWEHMIO K MCXOMHOK MTHHE H3NEAHS,

Huzxe: Pasasoennsiii Gnokapkac u3 TpascopMHPOBAHHLIX HAHOBONOKOH

Tracheal transplantation research plan

Confidential

Version A

33



F'N)
8 8 5 8 8 3 8 8

105> ,-/
ok | Baucates scanna ]
e Sieflized bitarcated 3N
"% ) 4 & 8 10 12 4

o™

Beepxy caesa: THnH4HbIE rpad KK 3aBUCHMOCTH PACTAKEHHUA OT CHJb! U rpadMKH CHILL NPH
paIphiBe NIf TECTHPYEMOro GHOKAPKACA IO M NOCIE MaMMA-CTEPHIHIAITHIA.

AHanM3 raMMa-CTepHIIH30BAHHOIO OHOKAPKACa MOKA3A! OTCYTCTBHE KaKHX-THDO HIMEHEH Hi
pasMepa, UBeTa, NPOYHOCTH HA PA3PHIB, KM CTPYKTYPhl MATEPHANA COFNACHD CKAHHpYOeH
IMEKTPOHHOH MHKPOCKOMWH, KaK NOKa3aHO HIDKE:
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Pasmepel Guokapkaca Hexonubie Ilocae raMMa-cTepuaAH3IanHe

Jnuna 6,1 cm 6,1 cm

L upuna 2,9 cm 2,9 cm |
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Baepxy: COM dororpaduin HAHOBOJOKOHHOTO MATEPHANA JIO CTEPHIM3ALMHN raMMa-00yseHnenm.
Banzy: COM dotorpadiua HAHOBONIOKOH MOCHE CTEPHIH3ALMH raMMa-obnysesnen (28kGy).

Jlanseie HaMepeH il Npenena MpoYHOCTH NPH pacTaKeHAH (n=5):

Cpennss (MIMa) | Crangapraoe | Cravpapruas
OTKJ0HEHHE MOrPeLHOCTh
Kourpoasusit obpazen 2,01 0,324 0,15
O6pa3zel nocne CTepuIH3aLMy ramma- 1,77 0,39 0,17
obnyuenuem (28 kGy)
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Hpunoxenne 2: MaTepuanst GuopeakTopa (pasaHvyabIe BAILI MEAHIHHCKHX NJACTMACC W
HEepAABCIOMAN CTAAL)

Pesrome: MeEAMUMHCKHE MATEPUANbI YCIIELIHO NPHMEHRIOTCA B LEAOM PANE MEAMUKHCKHX
YCTPOHCTS, BKIIOYas MMMaanTarsl, ywe Donee asamuary ner. Menoassyemslii B 1AHHOM
KNHHHHCCKOM MCCNEN0BaHi DHOPCAKTOP MOMOTaeT OCYMECTBHTE NOANEPKKY DHokapkaca 1
ofecneynTs MPOIECC BHIPAIIMBAHUA KICTOK HA €r0 [OBCPXHOCTH 1CPCA MMIAAHTAUMEH.
BHOpeakTop M3IrOTOBNEH B OCHOBHOM M3 HECKOJLKMX BHIOB MEAMUMHCKHUX [IACTMACC,
ynosnergopaiommx kpurepuanm ®apm. CLIA (USP) Knacca VI 6Guocosmectumocts (Knace
6) (cm. Tabanusl HuAe), OCHOBHAEIC MATEPHANLL, NOKPLIBAIOLKE MNOBCPXHOCTL GHOpeakTopa,
nonsokcameTunen (POM-C) u nomucynwthon (PSU), yke MCnoas30Banuck paHee s
KYNLTUBHPORAHHA  AIBYX  WCKYCCTREHHHX  TPAHCIUIAHTATOR  TPaxeolpoHXHAALHOrO
ABIXATEISHOIO NYTH, ONEPaldu 110 Nepecajke KOTOpPsIX ObiJiM YCHEWHO NpoBefeHs 8
Focnurane Kapoauuckoro ywusepesrera, Crokronsm, Llseuus, B niove u uoadbpe 2011
roga.

3akmiogenne: [Tpumenenne marepuanos Knacca VI USP (meamumbckoro knacca/Knecca 6)
B COYETAHHM C YCMEINHBIM KAHHHYECKAM HCXOZIOM BhILEYHOMAHYTHIX ONEpalLnii 8 HIOHE U
Hoabpe 2011 ropna yxkaswmsaeT Ha 70, HTO OWOPEAKTOP YAOBACTBOPHET KPHTEPUAM
OHOCOBMECTHMOCTH K&K ANNApaT MR npeaonepaudoHHoit obpaloTkn W npoueayphl
NEPEHOCA KIETOK HA OMOXapKac B COOTBETCTBMM C  [IPOTOKOJIOM JUIR  TpaxedHoro

TPaHCIUIAHTATA.

Marepurani, HCrOIb30BaHHBE B KOHCTPYKIMY OHOpeakTopa:

i Freudenberg Process
YRNOTHENMA, | conm pesura JOEPDM 291 | Seals GmbH & Co. KG, fa
cratnyeckue
fepmasmn
YnnoTHEHHA, Angst+Pfister AG,
RO CE DropraydyK (FKM) FKM 80.445-01 Wseuapna
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X10 CrNj 18-8 Hepmaselo wan
Janmmsl {HepxaBewan 1.4310 AGILFedern, lepmanua cTanb

cTans)
KoHTe#rep Noaucynstou (PSU) TECASON™S Ensinger Inc, CLUA Aa
Kpbiwxa gan
HOHTERHEepa ¢ MNosncyashoH (PSU) TECASON™S Ensinger Inc, CIUA Ha
RYNLTYPO R
NepenocHan Aa

Nonucyandon (PSU) TECASON™S Ensingering, CLUA
KPBIUUKS
MNepeHocHo# MonnokcnmeTuaeH Centrodal C Centroplast Engineering Aa
KOHTEAHEP cononnmep (POM-C) Plastics GmbH, repmanna
Kpsiluka Aa
NEPEHOCHOID Nonnnponnaex (PP) CentrolabHT™ g;::;pz:tbﬁls:m:::'
KOHTERHEPS b

INonwoKkcumeTunes Centroplast Engineering Ha
Bpawawwmecas | conoammep (POM-C), | Centrodal C, Plastics GmbH,
AETann MNonuadupadupreron | PEEKLSG GermanySchmidt + Bartl

(PEEK) GmbH

X2 CrNiMo 18-15-3 He nprvennmo

EZMEdelstahlZieherei

Ban npueoga :;:::;aselomaa 1.4441 ESU Mark GmbH, Fepmanua

X6 CrNIMoTI 17-12-2 He npumesnmo
Onpas«a (HepwagewLan 1457 ?SGStahlh e,

epmanua
CTans)

PeaynbTaTel TECTOR 10 OHOCOBMECTHMOCTH U8

marepuanor PEEK w

CentrolabHT™, npoBesieHHBIX TPOH3BOAMTENSMH (BLITONHEHHE KPHTEpPHER
Knacca 6 USP nospaizyMmenaeT TeCTHPOBAHKE MATEPHANOR HA OCTPYIO CHCTEMHYIO

mxcu-luocn, BHYTPHKOKHYIO PCAKLMIO U [IPHIKHBICHUE )

¥ &WW , ‘Marepian PEEK |  Marepuan CentrolabHT ™
K v AOCTH. ; ‘
OcTpan CHCTEMHARA Tecrupyeman rpynna YAOBNETBOPAET YAOBNETBOPAET
TOHCHYHOCTS DONKHE (OTeyTeTamre npr3Hakos {yAcanersopser
NPOAEMOHCTPUDOSATS TOKCMYHOCTH U NOTEL#H Tpebosarusam USP)
< BuonotuyecKyio seca >2 t)
peakuyno no
CP3BHEHND ¢
KOMTRONLHON rpynnak
(rabiwin);
< 2 MbILLel moryr
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 Tecrva Kpniepait Marepnan PEEK | MaTepnan CentrolabhT
BuotoBmecTamocTs | npuemneMocTy '
Cornacio ISO 10993
UMETE NPH3HAKKW
TONCHYHOCTH; <3
Mbll B TERAIOT 82C>2 T
BHYTPMHOMHEA AonKHEl YOAOBAETBOPRET YAOBNETBOPAET
peaxums Yepes 72 YAOENSTBOPATE (rmuHumansHan (MuHAMENbLHAA
yaca TpeboBaHnAM PEARTHBHOCTD) peakTHBHOCTE)
MHHAMANBEHOW
PE3KTHEHOCTH
Tecr ua Hert peakunn YAOBAETBOPAET YAOBAETBOPAET
NPMKKBACHKE (HeT peakumn) {Her peakuun)
17 aried)
Tracheal transplantation research plan 38
Confidential

Version A



Appendix 3: Characteristics of biological agents and factors TGF-p3

The following table presents the growth factors used preoperatively in the present protocol
to accelerate tissue regeneration:

Factor Activity Company Distributor in Sweden Quantity Intra- Pre- and
operative post-
dose operative
dose
Recombinant TGF-p3 R&D Systems | R&D Systems Europe Ltd. 10 pg 1 ampoule 1 ampoule
human factor info@RnDSystems.co.uk (5 ng) (5 pg)
TGF-p3, CF* www.RnDSystems.co.uk preop.
Granulocyte Filgastrim AMGEN Amgen Inc. 301U 1 ampoule | 9 ampoules
colony- (Neupogen®) One Amgen Center (0,6mg/ml) (30 1V) (30 1V)
stimulating Drive Thousand Oaks
factor California 91320-1799
(G-CSF) USA
NeoRecormon | Erythropoietin Janssen Jansen Biotech, Inc. 800 10000 IU or | 4ampoules | 9 ampoules
and Biotech Ridgeview Road Horsham, 40000 1U 410000 IU | 440000 IU
recombinant PA 19044 (in total
Epoetin o 40000 1U)
Recombinant rhPTH PeproTech PeproTech SE 50ug 0,5 0,5 ampoule
human factor Klarabergsviadukten 70, ampoule preop.
PTHrP 107 24 Stockholm, preop.
Sweden
Insulin Sigma Aldrich Sigma-Aldrich 10ug/ml 5 pg/ml 5 pg/ml
Technical Services
PO Box 14508
St. Louis, MO 63178
USA
Dexamethasone Sigma Aldrich Sigma-Aldrich 100 nmol/L 50nmol/L 50nmol/L
Technical Services
PO Box 14508
St. Louis, MO 63178
USA
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* TGF-B3: calculation of the necessary dose of TGF-B3 based on the size of the human
trachea and as a rule, it is based on the average lateral area of the cartilage as shown below
in figure 1B.

Physical

Diameterfem) Proximal Medial Castal
] 15204 19202 2.1305
& 24204 40202 20204
¢ i6s0.1 1904 21202

LataralAres (mm’) 48272352 50.29125€ 5308223%

Mean atesa area 50543241

Cartlaginousring 6.2:03

ticeness

Cartilaginous ring 0.12:002

wiith

Ruphure doree (N] 21221E

Tenstiemodubus |Mpa) 20409

C

Hcnonbiys  BHILCIPHSCACHHBIA NPAMEP ONPEACACHHMA CPCAHCH AarcpansHod  npouans, Obiio
- 2

nogcuuTano, 4ro Tpedyemas xouuewrpauus TGF-3 cocrasur 0,1 Mir/mm™ (npumepHo 5 Mmxr ua

KonbLo). 2To naer 8 wrore, uro Heobxoaumo nogrorosuts pactsop |0 mxr/ma TGF-B3 u asoaurs no 0.5

MJI Ha Kax/10e XpAaLe 076110,

Benywuit yuenbii I1. Maxkuapuuu
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