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IMMUNOADSORPTION AND ITS APPLICATION
FOR DESENSITIZING INCOMPATIBLE KIDNEY TRANSPLANT
CANDIDATES WHO HAVE A POTENTIAL LIVING DONOR

Summary. Background. Plasmapheresis is widely used to remove potential deleterious antibodies from the blood.
Because the volume of treated plasma is limited, plasmapheresis can be replaced by immunoadsorption (1A), a
more tedious but sophisticated technique that enables treatment of larger volumes of plasma, i.e., >4 L vs. 1.5-
2 L. We have implemented in our department IA technique to replace plasmapheresis when we launched our
ABO-incompatible (ABOD and HLA-incompatible (HLAD kidney-tfransplant programs with living kidney donors. In
this setting, isoagglutinin titers (ABOD) or donor-specific alloantibodies (HLA() have to be decreased drastically at
pretransplant by apheresis and immunosuppression.

Methods. We designed a desensitization program based on IA, which was started in the first frimester of 2010
within the Acute Polyvalent Hemodialysis and Apheresis Unit (Toulouse University Hospital, France). We describe
all the steps used to implement this IA tfechnique. So far, we have performed > 225 |A sessions.

Results and Conclusions. The IA sessions were associated with a net body-weight gain of ~ 1 kg. Normally, IA is
performed first and then hemodialysis on the same or following day; however, we were able fo simultaneously
perform IA with hemodialysis (tfandem procedure). This tandem procedure has reduced costs. Implementation
of IA has enabled the successful fransplantation of 32 kidney patients.

Key words: ABO-incompatible kidney transplantation, desensitization, hemodialysis, HLA-incompatible kidney

tfransplantation, immunoadsorption, living kidney fransplantation.

Infroduction

Immunoadsorption is a technique that might be used
at the place of plasmapheresis because it allows treating
within a session larger volumes of plasma. It is currently
used for tissue connective diseases [1], as well as for resis-
tant focal and segmental glomerulosclerosis [2]. Immu-
noadsorption can be used also to desensitize the kidney
transplant candidates who are waiting for an incompat-
ible kidney transplantation.

In France, ~ 36,000 patients have end-stage kid-
ney disease treated by dialysis, chiefly hemodialysis
(> 92 %) [3]. Of these, ~ 13,000 are on the national
kidney-transplant waiting list; however, only ~ 3,000
patients per year receive a kidney transplant, and this
figure is plateauing (Agence de la Medicine, 2010) be-
cause the yearly number of brain-dead donors is stable
or even slightly decreasing. Meanwhile, the number
of living related or unrelated kidney donors increased
from < 10 to 12 % in 2012, now accounting for > 30 %

of the donors in our center (i.e., for ~ 180 kidney trans-
plantations annually).

When implementing a living transplant-kidney pro-
gram, to avoid denying a potential living donor, we also
need to accept those with ABO-incompatibility. More-
over, many kidney-transplant candidates, such as those
with a previous failed transplant and many women,
are sensitized, i.e., they have anti-HLA alloantibodies
(HLA incompatibility), which makes it difficult to find
a suitable deceased and HLA-compatible donor. In this
setting, it may be easier to find a potential suitable liv-
ing-related donor. Of the ~ 500 patients with end-stage
kidney disease and listed for a kidney transplant in our
center, HLA-sensitized patients represent ~ 20 % of
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cases. Thus, in order to develop a living-kidney program,
ABO-incompatible (ABOi) and/or HLA incompatible
(HLAI) kidney pairs will be encountered. For HLAI, the
only way to succeed is to implement a desensitization
protocol. Several desensitization protocols have been
published: they report good kidney-allograft outcomes,
even though treatment costs are increased within the first
year posttransplantation [4—6].

ABOi kidney transplantation was developed initially
in Japan (in the 1980s) because the concept of a brain-
dead donor was not recognized. It was achieved using
preparatory plasmapheresis, intraoperative splenec-
tomy, and maintenance immunosuppression based on
calcineurin inhibitors, azathioprine or mycophenolate
mofetil, and steroids. However, many postoperative in-
fectious complications have occurred and many grafts
have failed due to acute or chronic humoral rejection [7,
8]. In the early 2000s, many Japanese teams implement-
ed ABO-incompatible transplantation by administering
intravenous rituximab prior to transplantation instead
of conducting a splenectomy. This enabled chemical
elimination of B-lymphocytes, which are implicated in
the humoral rejection that takes place after ABO-incom-
patible renal transplantation. Thereafter, ABOi kidney
transplantation was disseminated worldwide with very
good results in terms of graft survival.

Desensitization of Kidney-Transplant
Candidates

In the setting of ABOi, pre-transplant desensitiza-
tion currently relies upon: 1) removing antibodies, i.e.,
isoagglutinins, by means of several plasmapheresis ses-

Figure 1. The generators used to perform
immunoadsorption. On the left of the image is the
ADAsorb® generator, and on the right hand side, the
Com. Tec® generator

sions, with the aim of lowering the titer of isoagglutinins
to < 1/10; 2) preventing their subsequent synthesis by
rituximab infusion; and 3) initiating conventional im-
munosuppression, i.e., tacrolimus, mycophenolic acid,
and steroids, at 7—10 days pre-transplantation. The
long-term posttransplant results for such patients are
very good, particularly since pre-transplant splenectomy
has been replaced by rituximab, i.e., results are as good
as those observed in patients that have received an ABO-
compatible living-kidney transplant [9, 10]. However,
in candidates that have very high titers of isoagglutinins,
pre-transplant plasmapheresis may be insufficient. This
is why Tydén et al., in Sweden in the 2000s, replaced
plasmapheresis with specific immunoadsorption (IA)
sessions, using columns coated with either A or B blood-
group antigens, which deplete isoagglutinins quickly and
in a sustainable way [11].

In the setting of HLAI kidney transplantation, the
recipient may have donor-specific alloantibodies (DSA)
at pre-transplant. DSA can then act against HLA class
I (A, B, or Cw) and/or HLA class II (DR, DQ, or DP)
antigens. If DSAs are left, they quickly cause acute an-
tibody-mediated rejection at posttransplant, despite
immunosuppression [12]. Therefore, for pairs in whom
the recipient has DSA(s) against the donor, we need to
implement a desensitization protocol at pre-transplan-
tation. This relies: 1) on removing DSAs by via plasma-
pheresis, 2) preventing their subsequent synthesis using
rituximab infusion; and 3) starting conventional immu-
nosuppression, i.e., tacrolimus, mycophenolic acid, and
steroids at 7—10 days pre-transplantation [11]. Desensi-
tization can also include intravenous IV-Ig infusions (for
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Figure 2. The Y-system,
which allows concomitant hemodialysis plus
immunoadsorption
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its immunomodulatory properties); however, this treat-
ment is costly and there is no conclusive evidence that it
improves this protocol [5, 14].

Semi-Specific Immunoadsorption
vs. Plasmapheresis

Immunoadsorption can replace plasmapheresis as a
desensitization protocol for HLAI pairs. Because IA can
treat greater volumes of plasma in one session (compared
to plasmapheresis), it may be more efficient at reducing
anti-HLA antibody titers. When addressing semi-specif-
ic IA, we use columns that are covered by Staphylococcus
protein A and that can be reused up to 20 times provided
they are carefully rinsed (Immunosorba & Globaffin,
Fresenius Medical Care) [15], thus saving significant
costs. The long-term post-transplant results for HLAI
patients who undergo pre-treatment desensitization
with TA are very good. In addition, this strategy is cost-
effective when compared to matched kidney-transplant
candidates who remain on a waiting list for a deceased
kidney transplant [13, 16].

The kidney-transplant program at Toulouse
University Hospital is one of the top three French
kidney-transplant centers and performs the greatest
number of living-related or unrelated kidney trans-
plantations. Thus, the Nephrology/Transplantation
Department decided to implement desensitization
strategies in the setting of ABOi and/or HLAI kidney
transplantation using pre-transplant IA instead of
plasmapheresis.

Presentation of the Care Structure

The University Hospital of Toulouse (Rangueil,
France) made the strategic choice to create one dialy-
sis unit for acute polyvalent hemodialysis and apheresis
(APHA), within the Department of Nephrology and
Organ Transplantation (DNTO). Thus, concentrating
expertise into a single location and creating high-quality
collaboration between medical and paramedical person-
nel. The APHA team is composed of one attending phy-
sician, one senor nurse, twelve nurses, six nurse aides,
and two biomedical assistants. In 2012, the APHA unit
conducted 3,400 hemodialysis sessions, 520 plasmapher-
esis sessions, 130 IA sessions, 60 liver-dialysis sessions,
and 580 continuous veno-venous hemodiafiltration ses-
sions. The unit is open from 8:00 a.m. to 7:00 p.m., Mon-
day through to Saturday, and a nurse is on call 24-h/
7-days for emergencies.

The Immunoadsorption Technique

Below there are listed the prerequisites needed to
implement IA in an apheresis unit, and our outcomes.
Phase 1 took place in the first quarter of 2010. During
this period, the medical team, led by Pr. L. Rostaing and
Dr. A. Allal, implemented a desensitization program us-
ing IA to treat highly sensitized kidney-transplant candi-
dates who could not receive a deceased renal allograft be-
cause they had high levels of anti-HLA antibodies (HLAi
patients).

Immunoadsorption: Implications for Practice

Prerequisites

— Mastering hemodialysis basic procedures, master-
ing fistula and/or catheter procedures.

— Mastering plasmapheresis.

Implementation of immunoadsorption

— Training to use an ADAsorb® monitor.

— Training on how to handle, save, and store IA col-
umns.

— Use of non-specific usable columns, e.g., Immu-
nosorba®, and specific non-reusable ABO columns.

— Set-up and manage hemodialysis and IA circuits
simultaneously.

Outcomes

Three goals:

— increase patients’ safety by developing a multi-
skilled caregiver team;

— time saving: only 6 h of treatment cf. 11 h with he-
modialysis given after IA. Less stress and less tiring for
patients during the desensitization sequence;

— cost effectiveness: total procedure time of < 6 h,
only one nurse, and reduction in total consumables.

Time saved means a nurse can look after two or three
patients treated by apheresis or hemodialysis. Coupling
IA and hemodialysis can be routinely performed by a
single caregiver.

The care unit can treat patients 24 h/7 days a week:
patients must be effectively desensitized whenever a
transplant is available.

IA removes the antibodies of interest from
the plasma, in this instance anti-HLA antibod-
ies, by passing plasma through a column covered
with Staphylococcus protein A (Immunosorba® sys-
tem, Fresenius). Non-specific IA was initially per-
formed in partnership with an experienced manu-
facturer (Fresenius Medical Care). In addition, a
nurse from the company trained two nurses on our
team. Training was carried out using two different
monitors: Art Universal® and ADAsorb®. The Art
Universal separates the plasma by filtration: hepa-
rin and sodium citrate are used to prevent coagula-
tion. The ADAsorb® treats the plasma using two
non-specific (protein A) columns. These columns
can be reused up to 20 times after thorough rinsing
with distilled water. Plasma flow within the columns
is 40—50 mL/min for a blood flow of 70 mL/min.
The procedure takes 4—5 h to treat the plasma plus
~ 1.5 h of total nursing time, making a total of 6.5 h.
An IA session is associated with a weight gain of up
to 1 kg.

The Four Phases in the Technique

During phase 1, i.e., implementing IA, the medi-
cal team maintains close surveillance for signs of blood
contamination at the entry point of the column using
a dipstick as an additional safety measure as well as the
monitor’s alarm. It is essential to prevent the columns
becoming clotted, which would render them unusable.
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The outcomes from phase 1 confirmed the usefulness
of this technique. Hence, four highly sensitized patients
on chronic hemodialysis, with high levels of anti-HLA
alloantibodies and high mean fluorescence intensities
were treated by IA (average of eight sessions per patient).
There was a dramatic decrease in mean fluorescence in-
tensity for some anti- HLA alloantibodies.

However, because these patients were waiting for a
deceased donor-kidney transplant and were not priori-
tized on the national French transplant waiting list, they
could not receive a kidney transplant within the 4 months
following the 1A sessions. Thus, at this point, we changed
our strategy by offering IA only to highly sensitized kid-
ney-transplant candidates who had a suitable potential
living-kidney donor. We were then able to perform two
kidney transplantations with living donors in two highly
sensitized patients who had been desensitized by IA ses-
sions with a negative complement-dependent cytotoxic
crossmatch at transplantation, even though they still had
DSAs at that time. At the last follow-up, these two pa-
tients have good renal function.

Phase 2 took place in the first trimester of 2011
with the goal of implementing IA in the setting of
ABOi kidney transplantation (Table 1). In the context
of ABO-incompatible renal grafts, IA can be either
non-specific (cf. supra) or use specific columns that
contain blood type A or B antigens on a sepharose ma-
trix (GlycoSorb ABO®; Glycorex Transplantation AB,
Lund, Sweden); the latter allows targeted elimination
of isoagglutinins.

The following factors were needed: 1) a central line
or arteriovenous fistula access; 2) plasma separation by
centrifugation (no longer by filtration, i.e., we replaced
the Art Universal monitor with the Com.Tec® monitor
(Fresenius Kabi AG®)) (see Figure 1); 3) adoption of a
new circuit that allowed adaptation of specific IA col-
umns on the Com.Tec® monitor, and iv) anticoagulation
with citrate (citric-acid monohydrate) in the arterial line.

To respond to medical needs, the nursing team pro-
posed the following recommendations: a ‘Y’-connector
on the return line to compensate, when appropriate, for
blood-calcium depletion (citrate is a calcium chelator),
and a three-way valve positioned at a point before plas-
ma arrives at the column, dedicated to detecting blood
contamination using a dipstick. Biological surveillance
before and after the procedure included assessing cal-
cium and magnesium levels, and anti-A or anti-B isoag-
glutinin levels. Samples were transported to the lab and
blood-testing results were available within 30 min for
calcium and magnesium, and in < 2 h for isoagglutinins.

Compared to phase 1, the nursing time in phase 2
was reduced to 2—3.5 hours for the IA procedure and to
< 15 min for setting-up the monitors and rinsing the col-
umns.

The team used the Com.Tec® plasmapheresis moni-
tor, which is mandatory for ABO-incompatible IA, in
tandem with the ADAsorb® plasma-treatment moni-
tor (used during phase 1), which uses non-specific sep-
harose + protein A reusable columns (Immunosorba®
Fresenius Medical Care). This combination made it pos-

Table 1. The four phases used to implement immunoadsorption in our apheresis unit

First phase: non- Second phase: specific/specific + Third phase: Fourth_ ph_ase.
specific IA non-specific IA coupling IA + HD GBI L0
coupling IA + HD
Art Universal®; Com.Tec® Com.Tec® + ADA- | Life 18TM, Any type of moni-
Generaters/ ADAsorb®/Immu- | Glycosorb ABO® sorb®/Immunosor- | TherasorbTM/ tor: Com.Tec®
columns nosorba® system ba® + Glycosorb Therasorb® Ig flex | ADAsorb®
ABO® + hemodialysis -Life™, Thera-
monitor sorb™
Recurrent glomer- | ABO-incompatible | ABO-incompatible | ABO-incompatible |ABO incompatible/
ulonephritis on the | kidney-transplant | + HLA-incompat- + HLA-incompati- | HLA incompatible/
allograft (n = 4), or | candidates ible kidney-trans- | ble patient ABO + HLA incom-
highly sensitized plant candidates patible patients
Type of patients | kidney transplant
candidates (n =4)
Autoimmune pe-
ripheral neuropa-
thy (n=2)
Four: one with a 8 patients with a 2 patients with a 1 patient 9 patients
Number of living Ifidney . living kidney donor | living kidney donor
Donor: no suitable
transplant .
patients cadaveric donors
for the other three
patients
Excellent renal 1 vascular rejec- Excellent renal Excellent renal 3 acute rejections
function tion treated suc- function function (1 cellular, 1 vas-
Outcome cessfully; excellent cular, 1 humoral);
renal function or excellent renal
function
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sible to eliminate anti-HLA antibodies from sensitized
patients as well as anti-A or anti-B isoagglutinins at the
same time, and particularly benefited those patients with
concomitant ABOi and HLAI living-kidney transplan-
tation. This new procedure provided more security and
comfort for the patients, and use of the non-specific col-
umns cut costs. Thus far, seven patients have been suc-
cessfully treated and grafted using this procedure.

Phase 3 was implemented concomitantly with
phase 2. During phase 2, in October 2012, we encoun-
tered a difficult situation with a living-kidney transplant
candidate on hemodialysis. This patient was highly sen-
sitized with two DSAs that had high mean fluorescence
intensities in the setting of ABO-incompatibility and
elevated anti-A isoagglutinin titers (> 1/128), which
were remarkably resistant to both non-specific and spe-
cific IA sessions (> 10), performed as described above.
This resistance to IA led the team to implement a new
strategy (phase 3) that coupled IA with hemodialy-
sis. This patient was treated using a new LIFEI8™ IA
monitor (TheraSorb™). This monitor has two special-
ized functions: 1) plasma separation through centrifu-
gation/filtration; and 2) it uses non-specific columns
(TheraSorb® Ig Flex, Miltenyi Biotec GmbH: sepha-
rose + sheep immunoglobulins directed against human
anti-Ig). Because of its small-volume circuit (80 mL),
1A and dialysis can take place simultaneously via the Y’
assembly (Figure 2).

This configuration has multiple benefits for the pa-
tient: the procedure is quicker; it is better tolerated be-
cause hemodialysis corrects for electrolytic problems
caused by citrate anticoagulation with IA (variations in
calcium and/or magnesium levels, de novo alkalosis);
and bodyweight increases can be avoided. In contrast,
each IA session, when performed alone, leaves the pa-
tient with 0.5—1 L of hyperosmotic fluid. In addition,
using our new method, less time is required by caregiv-
ers per patient and, thus, other patients can be treated
simultaneously.

However, this procedure requires: 1) vigilance by the
caretaker, i.e., proficiency in using the IA circuit assem-
bly at the same time as the hemodialysis circuit; and 2) a
small number of trained paramedics because of the com-
plexity of the two new techniques.

Achieving a low isoagglutinin titer (< 1/10) in the
patient described above at pre-transplantation was a
long and difficult process because she required 20 non-
specific immunoadsorptions, four specific IAs, and
three plasmapheresis sessions at pre-transplant. None-
theless, she successfully received a transplant and her
current serum creatinine at 9 months posttransplant is
90 umol/L.

Phase 4 was implemented in January 2013 (see Ta-
ble 1). This consisted of systematically performing he-
modialysis in tandem with an IA session; the latter could
be either specific- or non-specific. Combined hemodi-
alysis — IA has now become a common procedure: it
achieves the best possible tolerance for the patient, re-
gardless of the IA monitor used.

Conclusion

Today, thanks to excellent doctor/nurse/biomedi-
cal technician interactions, the Toulouse DNTO has
performed 16 ABO-incompatible, 7 ABOi/HLAI, and
7 HLAI renal transplantations, which have resulted in
very good outcomes with regards to kidney-allograft
function.

Throughout the process of designing and implement-
ing this new IA technique, the team has been creative,
flexible, committed, and available (e.g., some posttrans-
plantation IA sessions took place at night). In addition, it
requires technical competence and knowhow.

The implementation of this new IA technique by
the CHU Toulouse team did not exclusively involve
the transplantation program. During this time, we
also treated patients with other conditions, e.g., focal
segmental glomerular sclerosis recurring after kidney
transplantation, myasthenia gravis, and Guillain-Barré
syndrome.
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MMMYHOAACOPBELINSI U EE NPUMEHEHUE
AN AECEHCUBUAU3ALNN HECOBMECTUMOTO
TPAHCIAAHTATA NOYKN Y KAHAUAATOB, KOTOPBIE
MMEIOT NOTEHLIUAABHO XXMBOTO AOHOPA

Pesiome. Beenenune. [11a3madepes mmpoko MCITOIb3YeTCS ISt
yAaJIeHUs] TOTEHLMAJIbHO BPEAHBIX aHTUTEJ U3 KpoBU. [Tockosb-
Ky 00beM OYMIAeMON IJIa3Mbl OrpaHUYEH, TU1a3Madepe3 MoXeT
OBITh 3aMeHeH MMMYyHoanacopouueit (MA), Gosee TpymoeMKUM
W CJIOXKHBIM METOJIOM, OOECIEeYMBAIOIIMM OYMILEHUE OOJIBIINX
00BEMOB TUIa3MBl, T.. > 4 1 mpoTuB 1,5—2 1. MBI BHeIpUIu B
Hall otaest TexHUuKy MA ¢ uensto 3aMeHUTH TazMadepes npu
ABO-necoBmectumoit (ABOi) u HLA-wecoBmectumoii (HLAI)
TPAHCIUIAHTALIMM TTOYKHM OT XKMBBIX JOHOPOB. [Ipu 3TOM THUTpPBI
n30arrmoTUMHUHOB (ABOI) uinu 1oHOp-crieunuuecKnx autoreH-
Hbix anTuTesn (HLAI) 1oKHBI ObLIN Pe3KO CHU3UTHCS B ITpeTpaH-
CIJTAHTALlMOHHOM Tiepuoie rocie adepe3a 1 UMMYHOCYTIPECCHUU.

MeTtoabl. MBI pa3paboTaiy ImporpaMmy JAeceHCUOMIN3auy Ha
ocHoBe MA, koTopas 6bu1a HauaTa B iepBoM Tpumectpe 2010 roga
B paMKax pabOoThI OT/eJIa OCTPOTO MOJUBAJIEHTHOTO FeMOIUAN3a
n adepesa (YHuBepcureTckasi 6onbHuLa Tynyssl, @panius). B
9TOI CTaThe MPEACTaBJICHBI BCE IIAr, MCIIOJIb3YeMbIe JIJIST peasiv-
3aruu atoro mertona MA. K HacrosiiieMy BpeMeHU MbI BBITIOJTHU -
s > 225 npouenyp UA.

Pesyabratsi u BeIBOABI. [1potienypsr MA conmpoBoXIainch npu-
0aBKoif Macchl Beca Tesia ~ 1 kr. Kak rnpaBuiio, cHauajia BbIIOJIHSI-
sack UA, a 3aTeM rpoliesypa reMoiuanu3sa B TOT Xe WIKM Ha cie-
NYIOIIMI I€Hb, OJTHAKO Mbl MOTJIM OJITHOBPEMEHHO BBINOJIHSITE MA
W reMonuain3 (TaHaeM-Tipoueaypa). TaHmeM-npoleaypa cokpa-
mana pacxonsl. Peanuzanust MA no3Bosinia mpoBecTH YCIEIIHYIO
TpaHCIUIAaHTALMIO TTOYeK 32 MalueHTaMm.

KmoueBbie ciioBa: ABO-HecoBMecTrMas TpaHCIITIAHTAIMS TTOY -
KU, JeceHCHOWIM3alus, reMoauanus, TpaHcruiaHTauuss HLA-
HECOBMECTUMBIX TTOYEK, MMMYHOAICOPOLIMSI, TPaHCIUTAHTALIMS
MOYKH KUBOTO TOHOPA.
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IMYHOAACOPELI4 TA Tl BACTOCYBAHHS
AN AECEHCUBIAISALITHECYMICHOTO
TPAHCMAAHTATA HUPKN Y KAHAUAATIB, 9Ki MAIOTb
NOTEHUINHO XWUBOTO AOHOPA

Pesiome. Beryn. [1nazmadepes mmpoko BUKOPUCTOBYETHCS TSI
BUIAJICHHSI TMOTEHIIAHO IIKIUIMBUX aHTUTLI 3 KPoBi. OCKiIbKU
00CST IJ1a3MHU, 110 OYUIITYETHCS, OOMEXEHUH, T1a3mMadepe3 Moxe
OyTu 3amiHeHU#l iMyHoancopoOuieo (IA), OiIbII TPYIOMICTKUM i
CKJIQJITHUM METOJIOM, 110 3a0e3Mevye OUMIIICHHST BEJIUKUX OOCSTiB
I1a3Mu, To0To > 4 1 1ipoTu 1,5—2 1. Mu BnpoBaavIy B HAIII BiIaiia
TexHiKy IA 3 MeTol0 3amMinnTH razmadepes npu ABO-HecymicHOT
(ABO-i) i HLA-HecymicHoi (HLA-i) TpaHcmiaHTallii HUPKU Bil
XUBMX IOoHOpiB. Ilpu 11boMy TUTpH i3oarmoTuHiHIB (ABOi) abo
noHop-crienudivyHux anoreHHux anturesn (HLAQ) noBunHi Oyau
Pi3KO 3HM3UTHUCS B MpeTpaHCIUIAHTALIITHOMY TIepioi micist ade-
pesy Ta iMyHoCyTIpecii.

Metoau. Mu po3po0wm TIporpaMy AeceHCHOTi3allii Ha OCHO-
Bi IA, ska Oyna posmnouara B mepuiomy tpumectpi 2010 poky B
pamMKax poOOTU BiIITy TOCTPOTO TIOJIIBAJICHTHOTO TEMOJializy
Ta apepesy (YHiBepcuterchbka jgikapHs Tyny3u, ®paniiis). ¥ wiii
CTaTTi MOJAHI BCi KPOKM, SIKi BAKOPUCTOBYIOTBCS JUISl peastizaLii
mporo Metony IA. Ha 1ieii vac My BuKoHau > 225 mpouenyp IA.

Pesyabratu Ta BucHOBKM. [Ipouenypu IA cynpoBomxyBanvcs
30UIBbIIEHHSIM MacH Tijia ~ 1 KT. SIK mpaBujIo, CIIoYaTKy BUKOHY-
Bajiacs 1A, a moTiM mpolieaypa remMoiani3y B Toil camuit abo Ha-
CTYITHWI IeHb, OJTHAK MW MOTJIM OTHOYaCHO BUKOHYBaTH IA i re-
Mofiani3 (TaHaeM-Tipoueaypa). TaHaeM-TIpolieaypa cKopodyBajia
ButpaT. Peanizamiss IA mo3Bosmiia MPOBECTH YCIIIITHY TpaHC-
TUTAaHTAIlil0 HUPOK 32 TMallieHTam.

Kimouosi ciioBa: ABO-HecymicHa TpaHCIUIaHTALlisl HUPKU, Jie-
ceHcubimizalis, reMomiani3, Tpancranraiiss HLA-HecyMicHUX
HUPOK, iMyHOaAcOpOIlis, TpaHCIUIAHTALliSI HUPKU KUBOTO J0-
Hopa.
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