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Hems. [TpogeMoHCTPpHUPOBAThL BO3MOXKXHOCTD YCIIEIITHOTO JICYEHMS TTOCCONEePallMOHHOTO TUITONIapaTupeo3a
TSDKEJIOM CTENeHU TSDKECTH TyTeM aJlJIOTpaHCIIAaHTAlIMM KYJIbTUBHPOBAHHBIX MAapaTUPOLUTOB PEIIUITUEHTY C T10-
YEeYHBIM TPAHCIUIAHTaTOM.

Marepuan u Meroabl. PeliMnueHTOM mapaTMpPeOMIHOIrO a/UIOTpaHCIUIaHTaTta Obula 37-JIETHSISI KEHIIMHA
C TIOYEYHBIM TPAHCIUIAHTATOM M TUIIONApPAaTUPEO30M TSKEJIOW CTENEeHM TSXKEeCTH Ha (poHe MHTEHCHUBHOM 3amMe-
cTuteabHOM Tepamuu. CHUMIOTOMBI TeTaHMU, BBICOKAs CyIOpPOKHAs TOTOBHOCTh (CHMMIITOMBI Tpycco, XBocTeka),
KpaliHe HM3KMe ToKa3aTeJM 0o01ero/noHu3upoBaHHoro kansuus (1,71/0,98 Mmonb/n) u mapatropmona (1,7 nr/
MJI) B TlepudepryecKoil KpoBU SIBMJIMChH TTOKa3aHWEM K IMapaTUPEOMIHON ajyloTpaHCIUIaHTauuu. B Tomiy neBoit
TJIeYeTy9eBOM MBIl PEIUIUeHTa UMITTaHTHpoBaau 21x10° KyJTbTUBMPOBAHHBIX TTAPATUPOIIUTOB, TOTYYSHHBIX
OT XXMBOTO HEPOACTBEHHOTO JOHOPa (62-1eTHEN XEHIMHbBI) ¢ BTOPUYHBIM IMIIepIIapaTUpeo3oM. Beioop MecTa s
MapaTupeorHON AIIOTpaHCIIIAHTAUKU OOYCIOBMIJIO OTCYTCTBME apTepHOBEHO3HOM (DUCTYJIbI Ha CTOPOHE Mepe-
caaku. UMMmyHocynpeccrBHasl Tepanus BKitodyana npueM 150 mr/cyTku mukiocnopuHa, 720 Mr/cyTku Mukode-
HOJIOBOI KUCIIOTHI, 6 MT/CYTKH METWJIIPETHNU30I0OHA.

Pe3ysbTaTbl. B nocieornepaliioHHOM TepUOie OCIOXHEHUI BMEILATeJIbCTBA, MECTHBIX M OOIIMX MOOO0Y-
HbIX 3((HEKTOB Ha MapaTUPEOUAHBINA KJIETOYHBbIN a/uIOTpaHCIUIAaHTAaT OTMeYeHO He Obu1o. Yepesd 1 mecsil mocie
repecanky MapaTMpPOLIMTOB HACTYMWIA KJIMHUKO-TabopaTopHas KOMIIEHCAlMsl TUIIONapaTUpeo3a: KOHLIEHTpalus
rmapaTtropMoHa Bo3pocia 1o 14,7 nr/Mi u JOCTUINIA MaKCUMaJIbHOTO 3HaueHus (61,7 mr/mir) depes 3,5 mecsna.
Ha nmporsixeHnn 6-MeCSiYHOrO Meproaa HaOMIOACHHUS CYIOPOXHBIA CMHAPOM HE BO3HMKAJ, CUMIITOMBI Tpycco u
XBocTeKa KyNMUpOBAIMCh, 00bEM MEepOpaTbHON 3aMeCTUTEbHOM Tepanuu CYLECTBEHHO YMEHBIIWJICS, Mcuesfa
MOTPEeOHOCTD B TTAPCHTEPATbHOM BBEACHUU COJICBBIX PACTBOPOB Kajbivsl. UYepes 6 MecsIieB Mmociie epecanaku ma-
LIMeHTKA BeleT MPUBBIYHBINA 00pa3 XW3HU U TIpUHUMaeT per os 0,5 T Kaablus B CYTKU.

3akmoyenne. KoMOMHMpOBaHHAs aJUTOTPAHCIUIAHTAIIMS TPYITHON TOYKKM M KYJBTUBUPOBAHHBIX IMapaTUpO-
LIUTOB, BBIAEAEHHBIX U3 TUIIEPIIIa3MPOBAHHON MapaTUPEOUIHONM TKaHU KMBOTO HEPOJICTBEHHOIO JOHOPA, SIBJISIET-
cs1 93 (HEKTUBHBIM METOIOM JIEUeHMs IEPMAHEHTHOTO TMIIONapaTupeo3a TSKeJIOoi CTeNeHU TSKECTU Y MalMEHTOB,
HYXIAIOLIUXCS B OPraHHOM TPAHCIUJIAHTALMU C MOCJIEeAYIOLIEe UMMYHOCYIIPECCUBHOM Teparue.

Karouesvie crosa: asnompancnianmayus napamupoyumos, Ho4eHulll MmpaHcnAaHmam, UHMeHCUBHAs 3aMecmu -
menvHas mepanus, HOCACONEPAUUOHHDLI SUNONAPAMUPeO3, SUNEPNAA3UPOBAHHASA NAPAMUPEOUdHAs MKAHb, UMMYHOCY-
npeccusHas mepanus, NOCACONEPAYUOHHbBIE OCA0ICHEHIS

Objectives. To demonstrate the possibility of successful treatment of a severe postsurgical hypoparathyroidism
by the cultured parathyrocyte allotransplantation to a kidney transplant recipient.

Methods. A 37-year-old female with the kidney transplant and a severe postsurgical hypoparathyroidism
on the background of intensive replacement therapy was a recipient of parathyroid allograft. The indications for
parathyroid autotransplantation include symptoms of tetany, high convulsive readiness (Chvostek's and Trousseau's
signs), extremely low rates of total/ionized calcium (1,71/0,98 mmol/L) and parathyroid hormone (1,7 pg/ml) in the
peripheral blood. Culture (21x10°) of parathyroid cells obtained from a living unrelated donor (62-year-old female)
with the secondary hyperparathyroidism was implanted into the recipients’ left brachioradialis muscle. Site selection
for parathyroid allograft was conditioned by the absence of arteriovenous fistula on the side of the transplantation.
Immunosuppressive therapy consisted of 150 mg/day of cyclosporine, 720 mg/day of mycophenolic acid, 6 mg/day
of methylprednisolone.

Results. No postoperative complications of the intervention, local and general side effects on the parathyroid
cell allograft were observed. Clinical and laboratory improvement of hypoparathyroidism occurred 1 month after the
transplantation: parathyroid hormone concentration increased up to 14,7 pg/ml and reached a maximum value (61,7
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pg/mL) after 3,5 months. No convulsions were observed over a 6-month follow-up, Chvostek's and Trousseau's
signs were stopped, the amount of oral substitution therapy significantly reduced, and there was no more need for
parenteral administration of calcium salt solutions. Six months after transplantation a patient led a very active life
and took per os 0,5 g/day of calcium.

Conclusion. Combined allotransplantation of cadaveric kidneys and cultured parathyroid cells obtained from
the hyperplastic parathyroid tissue of a living unrelated donor is considered to be an effective treatment of permanent
severe hypoparathyroidism in patients who need the organ transplantation with subsequent immunosuppressive therapy.

Keywords: parathyroid cells allotransplantation, kidney transplant, intensive substitution therapy, surgical
hypoparathyroidism, hyperplastic parathyroid tissue, immunosuppressive therapy, postoperative complications
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Introduction

Secondary or tertiary hyperparathyroidism is
the most frequent cause of hypercalcemia in patients
with the terminal chronic kidney disease (CKD).
Subtotal parathyroidectomy is a safe and efficacious
treatment for hyperparathyroidism after which the
risk of a severe hypercalcemia development occurs
in less than 1-2% of the operated patients. [1]. The
severity of the symptoms specific to hypocalcemia can
vary widely and sometimes even be life-threatening
in case of a generalized convulsive seizure, refractory
heart failure, laryngospasm. Being an extremely severe
complication, hypocalcemia requires lifelong calcium
(high doses) and vitamin D3 replacement therapy
(including intravenous injections) and in the distant
future it may cause the development of cataracts,
basal ganglia calcification, extrapyramidal signs,
nephrocalcinosis and renal failure. Besides, the need
of daily large number drug intake and the requirement
of frequent parenteral administration of calcium salt
solutions negatively affect the quality of patients’ life.

Until now, the physiologic and simultaneously
safe method of successful parathyroid allotransplanta-
tion without recipient's immunosuppression has not
been developed yet.It should be noted that in some
countries parathyroid hormone (PTH), commonly
used for other indications, is now available for the
treatment of patients with HPT. In the available
literature of the recent century, it was presented in
the literature in the form of few reports of cases from
practice (with/without reciepient’s immunosuppres-
sion), as one of the treatment methods of permanent
HPT (Table 1) [2-21]. However, as demonstrated
by S. Wells et al. [22], it was enough to perform
autotransplantation of several fragments of the
hypertrophied parathyroid gland (PTG) without its
direct revascularization for the successful prevention
of permanent HPT after total parathyroidectomy.
In 1974, S. Wells et al. used a parental allograft (2
parathyroid glands), which were obtained from father
and transplanted to son with kidney transplant. [7].

Objective. To demonstrate the possibility of

successful treatment of a severe postsurgical hy-
poparathyroidism by the cultured parathyroid cells
allotransplantation to a kidney transplant recipient.

Clinical observation

The recipient of a parathyroid cell allograft
was a woman (aged 37 years), since childhood
suffering from a chronic glomerulonephritis led to
nephrosclerosis and as a result being on the sched-
uled hemodialysis therapy for the recent 18 years.
Against the background of the terminal cronic kid-
ney disease stage and 11 years after starting dialysis
the secondary hyperparathyroidism has developed
and it may serve as an indicator of the total para-
thyroidectomy.After 6 months the logical outcome
of a radical surgery on parathyroid gland (PTG) was
a severe postoperative hypocalcemia that developed
in permanent and required orally per day calcium
supplementation (up to 4 g), cholecalciferol (up to
1 800 IU), calcitriol (1,25 mcg), and frequent (1-2
times per week) intravenous injections of 2-4 g of
calcium gluconate for the seizures relief.

In August 2015, the heterotopic transplanta-
tion of the cadaveric kidney was performed and the
immunosuppressive therapy was prescribed (cyclo-
sporine 150 mg/day, mycophenolic acid 720 mg/
day, methylprednisolone 6 mg/day). 5 months after
transplantation a regular laboratory and instrumental
examination showed relatively satisfactory kidney
transplant function. Serum urea indices ranged from
9,8 to 11,8 mmol/l, creatinine — from 141 to 184,8
micromol/l; glomerular filtration rate — from 29,4 to
30,8 mL/minute. Cyclosporine blood concentration
ranged within 71,2 ng/ml. At the same time despite
the maximum possible (for calcitriol) HPT replace-
ment therapy application no current method is able
to reverse or delay the disease's progress. Against the
background of very low rates of total / ionized calcium
(1,71/0,98 mmol/l; normal range 2,15-2,55/1,12-1,32
mmol/l) and parathormone (17 pg/mL; normal range
of 15-65 pg/ml) in the peripheral blood, the symptoms
of tetany and high convulsive readiness remained
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(Chvostek's 4+ and Trousseau's signs). In addition, the
patient complained of paresthesia, muscle weakness
and fasciculations, fatigue during even little physical
or mental stress. In December 2015, taking into ac-
count an extremely severe course of the postoperative
HPT, refractory hypocalcaemia, the patient’s young
age and persistent immunosuppression, it was decided
to perform allotransplantation of the cultured para-
thyroid cells extracted from the parathyroid tissue of
a living-unrelated donor (a woman of 62 years old)
with the secondary hyperparathyroidism. There was

no donor-recipient compatibility regarding ABO-
phenotype and Rh-factors — A (II) Rh + vs O (I)
R-. HLA-typing was not performed.

Under the local anesthesia the skin and subcu-
taneous tissue were dissected (over 2 cm), the fascia
of the left humeroradial muscle was exposed, 21 of
the cell suspension (21x10° of parathyrocytes) was
injected via 18 G needle into muscle transfascially
(figure). Site selection for parathyroid allograft was
conditioned by the absence of arteriovenous fistula
on the side of the transplantation.

Table 1
Generalized world experience of the parathyroid allotransplantation
Author Year Allograft source Recipient (N) Result IS

W. Brown [2] 1911 Cadaverous donor with After thyroidectomy (goiter)  Minimum 2 No
Bright's disease months

H. Stone et al. [3] 1934  Cultured parathyroid With congenital and In 2 out of 5 No

cells of dead babies secondary HPT (5) patients

J. Sterling et al. [4] 1954 Fetal PTG with vessels  With secondary HPT (3) 6,9 an?] 36 No

months

E. Watkins et al. [5] 1959 Fetal and infant PTG After thyroidectomy (3) Maximum  No
on vascular "leg" up to 2 years

C. Groth et al. [6] 1973 Donor with PTG With kidney transplant (1) 21 months  No

hyperplasia

S. Wells et al. [7] 1974  Living related PTG With kidney transplant (1)  More than 12 [a
donor (earlier — months

kidney donor)

B. Duarte et al. [8] 1985 Donor with PTG With kidney transplant and 10-16 months
hyperplasia and two PTG allografts (1) No
cadaveric donor

Q. Zengetal. [9] 1986 Fetal PTG on vascular With primary and secondary 3-6 years  Yes

"leg" HPT (11)
T. Kunori et al. [10] 1991 Native + cryopreserved With secondary HPT Reduction  Yes
hyperplastic PTG and repeated PTG of symptoms
tissue transplantation (1) and doses of
medicines

E. Alfrey et al. [11] 1992 Hyperplastic PTG With kidney transplant (1) 13 years Yes

tissue

G. Decker et al. [12] 1995 Tissue of adenomatous With secondary HPT (1) Partial No
PTG in magnetic function

microspheres

C. Hasse et al. [13] 1997 Hyperplastic PTG With secondary HPT (2), PTH No

tissue in microcapsules from 1 donor normalization
in 3 weeks

N. Torregrosa et al. [14] 2005 Donor with PTG With kidney transplant (1) 12 months  Yes

hyperplasia

T. Chapelle et al. [15] 2009 PTG and kidney of With kidney transplant (1) 12 months  Yes
cadaveric donor

P. Cabane et al. [16] 2009 Microcapsules With secondary HPT (1) 8 months  No

with cryopreserved
hyperplastic PTG

S. Flechner et al. [17] 2010  Cryopreserved PTG With kidney transplant (1) 11 months  Yes

I. Belda et al. [18] 2012 Donor with PTG With kidney transplant (1) 2 years Yes

hyperplasia

P. Giulianotti et al. [19] 2014  Living related donor With kidney transplant (1) 2 years Yes

R. Garcia-Roca et al. [20] 2016 Living related donor With congenital HPT (1) More than 9 Yes

months

V. Khryshchanovich [21] 2016 Macrocapsule with cells ~ With secondary HPT (1) 3months  No

of hyperplastic PTG
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Figure. Schematic illustration of transplantation in the
forearm muscles

Within the incisional period no complications,
local and general side effects to the parathyroid
cell allograft were registered. 1 month after the
parathyroid cells transplantation, the clinical-
laboratory compensation of hypoparathyroidism
had occured (Table. 2). Cyclosporin concentration
was 137 ng/mL , urea — 15,8 mmol/L, creatinine —
147,2 mmol/I, glomerular filtration rate — 38,7 mL /
minute in blood. Within a 6-month observation
period no convulsive syndrome manifested,
Chvostek's and Trousseau's signs were stopped,
the volume of oral substitution therapy reduced
significantly (from 13-15 to 1-2 tablets), there was
no need for parenteral administration of calcium
salt solutions that positively affected on increased
physical activity and life quality of the recipient. 6
months after the transplantation the patient led a
normal life and took per os Ca 0,5 g/day, which was
a usual medicinal supplement in almost all patients
with a functioning kidney transplant.

Discussion

The most common HPT cause is a surgical

intervention in the neck region (mainly in case of
thyroid gland pathology and PTG) or "non-surgical"
PTG destruction after radiotherapy [23]. Congenital
HPT occurs much less frequently, both alone and
in combination with other metabolic disorders and
anatomic abnormalities. However, regardless of eti-
ology, clinical symptoms of hypocalcemia are simi-
lar, the severity of which due to its life-threatening
potential varies from perioral numbness, paresthe-
sia, muscle spasms to laryngospasm and tetany. A
lifelong supplementation (calcium and vitamin D)
will be required to patients, but often such therapy
may not be manifested by a stable normalization
of calcium homeostasis, because of their tendency
to develop late complications. Nowadays, HPT
replacement therapy with synthetic PTH has been
developed — two injectable forms of parathyroid
hormone, Natpara (I-84) and Forteo or teriparatide
(I-34) are available for therapeutic use in the USA.

In January 2015, FDA (Food and Drug Admin-
istration) has approved the therapeutic use of PTH
(I-84) as a daily subcutaneous injection. However,
until now there is no experience of PTH (I-84)
use in patients with a severe postoperative HPT
and calcium-sensing receptor mutations. In addi-
tion, long-term use of Natpara is associated with a
potential osteosarcoma risk. On the other hand, in
accordance with FDA requirements, PTH (I-34)
is used as therapy for osteoporosis and, having a
short-term effects, requires multiple daily injections.
It should be noted that both therapeutic options are
still expensive (average wholesale price: Natpara $
4750 / month, of Forteo $ 2111 / month), and the
clinical effect depends on the patient's adherence
to treatment. The use of portable PTH batchers in
the form of so-called "portable pump" permitted to
achieve more stable values of serum calcium [24].

Theoretically parathyroid allotranspantation
could be an ideal therapeutic technique to restore a
normal calcium homeostasis. Reports of a number
of authors demonstrate good results of transplanta-
tion of a normal or hyperplastic PTG from living
or cadaveric donors [2-22]. However, the need for
lifelong immunosuppression significantly limits the
clinical application of a similar approach.

Table 2
Dynamics of serum indices of calcium and parathyroid hormone and the volume of replacement therapy
Observation period Parathyroid Cayotal, Cajonized., Caper os, Calcitriol,
hormone, pg/mL mmol/1 mmol/1 g/day mcg/day
Prior transplantation 1,7 1,71 0,98 4 1,25
The months after transplantation
1 14,7 1,94 1,05 0,5 0,5
2 32,7 2,58 1,38 0 0,25
3 no data 2,4 1,29 0 0,25
3,5 61,7 2,19 1,13 0 0,25
6 43,4 2,19 1,12 0,5 0,25
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In 1911, W. Brown [2] reported firstly about
the transplantation of allogenic PTG to a young
patient with a severe HPT, refractory to intravenous
calcium asministration, occurred after the total
thyroidectomy. Xenotransplantation of several PTG
and thyroid glands has not brought any positive
result and, ultimately, the patient was transplanted
an allogenic PTG of a deceased donor. Before the
implantation the parathyroid tissue was fragmented
and was stored in saline at temperature (32° F). At
least within 4 months after surgery no HPT symp-
toms occurred.A little bit latter the attempts to treat
the primary or congenital HPT by allotransplanta-
tion of small parathyroid fragments which required
no immunosuppression has been made [3, 25].
Experimental studies were associated foremost with
the study of the effectiveness of direct PTG revas-
cularization [26]. The first clinical transplantation
of the fetal thyroid-parathyroid complex by using
a single "pedicle" anastomosis with the recipient
common femoral artery was performed in 1954
[4]. Technical difficulties of the operation related
to a small caliber of the anastomosed vessels were
justified by less immunogenicity of a fetal transplant.
The symptoms of tetany were stopped immediately
following surgery and had not recurred within 12
months. Later such interventions had been used
successfully in 12 of 14 patients within a 6-year
follow-up [5, 9].

In 1973, C. Groth el al. [6] firstly described
a case of a stable functioning of parathyroid al-
lograft wthin 21 months in the patient, receiving
immunosuppression on the regular basis following
kidney transplantation. According to the authors,
immunosuppressed patients with HPT after the
organ transplantation appeared to be a "promising"
parathyroid allograft recipients with a high proba-
bility of its long-term functioning. According to N.
Torregrosa et al. [14], the justified and legitimate
source of PTG could be living unrelated donors,
operated on for the parathyroid hyperplasia. There
were reports in the recent literature concerning
successful use of 1-2 PTG of healthy closely rela-
ted donors (father, mother, sister), some of whom
occasionally were kidney donors [7, 19, 20]. PTG
retransplantation with a positive clinical effect was
performed by B. Duarte et al. in the case of early
dysfunction or failure of a "primary" parathyroid
transplant [8].

Parathyroid tissue also expresses antigens of
I and II classes of the major histocompatibility
complex, which are capable inducing an immune
response. To reduce the immunogenicity of donor
material both in a clinic and in experiment, among
the other approaches, the cultured parathyrocytes
[3, 12, 21], HLA- "purified" microspheres [12],
cryopreserved parathyroid tissue [13, 17, 21]; the
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technique of micro- and macroencapsulation [13,
16, 21] and elimination leucocytes-"passengers" in
the culture medium [27] were also applied for the
transplantation (Table 1).

I. Nawrot et al. [28] presented the treatment
results of 85 patients with postsurgical hypopara-
thyroidism, who underwent intramuscular allotrans-
plantation of 20-30x106 cultured and cryopreserved
parathyroid cells obtained from the donors with
the secondary and tertiary hyperparathyroidism
(retransplantation of parathyroid cells was required
in 25 cases). As the experience of Polish colleagues
showed [28], cryopreservation of parathyroid cells
permitted to improve the results of clinical allotrans-
plantation in the absence of immunosuppression:
the average duration of the allograft functioning
was 6.4 months. A. Saxe et al. found out that
the freezing of parathyroid tissue reduced HLA
expression on surface of parathyroid cells and their
immunogenicity [29].

C. Hasse et al. [13] used firstly alginate micro-
encapsulation technology in allotransplantation of
parathyroid cells: 20 microspheres with parathyroid
tissue were implanted into the forearm muscles to
each of two patients with postsurgical hypopara-
thyroidism; functioning period of allograft was 3
months. According to the authors’ data, the alginate
microsphere provides a reliable barrier for mol-
ecules larger than 150 kDa, prevents the penetra-
tion of immunocompetent cells, immunoglobulins,
complement components and, at the same time,
provides the nutritional support for the transplant
and free diffusion of parathyroid hormone in the
blood. Immune mechanisms of rejection are based
on the activation of T lymphocyte subpopulations,
including CDS8 +, whereas, a mechanical cell iso-
lation in the microsphere prevents the interaction
between the encapsulated tissue and the recipient's
immune system [12].

Another immunoprotective approach is mac-
roencapsulation of parathyroid cells based on the
same principles [21]. The application of tissue and
cell parathyroid encapsulation may be justified in
patients with a severe hypocalcaemia who are not
organ recipients, and, accordingly, require no "ag-
gressive" immunosuppression.

The first successful multiorgan transplanta-
tion — kidney-pancreas and parathyroid tissue was
performed in the patient with an autoimmune poly-
glandular syndrome and medullary cystic disease
[30]. Within the insicional period a four-component
immunosuppression was applied — anti-thymocyte
globulin, azathioprine, cyclosporine, prednisone;
and the parathyroid allograft functioning made up
2 years. N. Torregrosa et al. [14] reported about
the case of a successful parathyroid allotransplanta-
tion in a 38-year-old patient with the anamnesis of
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kidney transplantion and total parathyroidectomy
due to CKD and secondary hyperparathyroidism.
Against the background of immunosuppressive
therapy with corticosteroids, azathioprine and cy-
closporine, the terms of therapeutic effect made up
2 years, and the peak concentration of PTH — 34
pg/mL was observed one year after the surgery.
S. Flechner et al. [17] described another case of
successful allotransplantation of cryopreserved
parathyroid tissue into the humeroradial muscle of
a 36-year-old man with the transplanted kidney.
Just before the kidney transplantation due to the
tertiary hyperparathyroidism the patient underwent
subtotal, and then total parathyroidectomy with
PTG autotransplantation into the deltoid muscle,
which proved to be ineffective. In connection with
the developed postoperative severe HPT (PTH 5
pg/mL) the patient was subjected to the re-allo-
transplantation of parathyroid tissue obtained from
one and the same donor (a three-month interval).
Duration of the allograft functioning was 11 months
(PTH 15 pg/mL) against the background of ongoing
immunosuppression (tacrolimus, mycophenolate
mofetil, steroids). Immunosuppression regime after
kidney transplantation was sufficient to restore the
PTH secretion, but information about the most
preferred immunosuppressive drugs used in para-
thyroid allotransplantation is absent. According to
S. Flechner et al. [17], the basic requirements to
the source of the donor parathyroid tissue are the
absence of antibodies to human immunodeficiency
virus (HIV), hepatitis B and C, HLA phenotypes
to which the recipient has already been sensitized;
ABO compatibility, cryopreservation duration less
than 1 year. However, in practice, it is rather dif-
ficult to apply a similar screening of the tissue typ-
ing due to the donor pool was limited by 4 donors.

Based on the available literature reports and
the author’s experience [21] in the present ob-
servation two complementary approaches were
firstly used—immune alteration precultivation) of
the parathyroid tissue of a living unrelated donor
and recipient immunosuppressive therapy with the
kidney transplant. Probably, the combined use of
these methods of "avoidance" from the immune
response has led to complete HPT compensation
and has significantly extended the functional activity
of parathyroid allograft.

Conclusion

Permanent hypoparathyroidism occurs in
1-2% of patients who underwent the surgeries on
the thyroid gland or other organs of the neck, and
it is characterized by hypocalcemia, low serum
PTH levels and the presence of clinical symptoms
within 6 months or more. Traditional HPT treat-

ment involves a lifelong intake of "drug- interme-
diates" — calcium and vitamin D, but not of PTH
and it explains insufficient effectiveness of drug
therapy. In this connection, the search of new ef-
fective methods of HPT treatment is being carried
out, including the use of transplant technologies.
Parathyroid allotransplantation is considered to be
a potentially promising treatment of HPT, how-
ever, the reaction of rejection still remains a major
problem. Prolonged immunosuppression permits to
extend allograft functional activity, but is able to
cause a number of side effects and complications,
and its application is scarcely justified in the case
of transplantation therapy of "isolated" HPT. At
the same time, a combined allotransplantation of
the cadaveric kidney and cultured parathyroid cells
isolated from the hyperplastic parathyroid tissue of
a living unrelated donor is thought to be an effec-
tive treatment of severe permanent HPT in patients
who need the organ transplantation with subsequent
immunosuppressive therapy.

The work was performed under the state innovation
project "To develop and implement a method of
surgical treatment of hypoparathyroidism" (State
registration 20132515).

JHTEPATYPA

1. Udelsman R. Six hundred fifty-six consecutive ex-
plorations for primary hyperparathyroidism. Ann Surg.
2002 May;235(5):665-70; discussion 670-72.

2. Brown WH. Parathyroid implantation in the treat-
ment of tetania parathyreopriva. Ann Surg. 1911 Mar;
53(3):305-17.

3. Stone HB, Owings JC, Gey GO. Transplantation
of living grafts of thyroid and parathyroid glands. Ann
Surg. 1934 Oct; 100(4):613-28.

4. Sterling JA, Goldsmith R. Total transplant of thyroid
gland using vascular anastomoses; report of successful re-
sult in chronic tetany. Surgery. 1954 Apr;35(Is 4):624-28.
5. Watkins EJr, Haynes LL, Adams HD. Aortic-pedicle
technic for obtaining immediate vascularization of fetal
parathyroidgland transplants in man; application in three
patients with hypoparathyroidism appearing after thy-
roidectomy. N Engl J Med. 1959 Jul 16;261(3):105-12.
6. Groth CG, Hammond WS, Iwatsuki S, Popovitzer
M, Cascardo S, Halgrimson CG, et al. Survival of a
homologous parathyroid implant in an immunosup-
pressed patient. Lancet. 1973 May 19;1(7812):1082-85.
7. Wells SA Jr, Burdick JF, Hattler BG, Christiansen
C, Pettigrew HM, Abe M, et al. The allografted para-
thyroid gland: evaluation of function in the immunosup-
pressed host. Ann Surg. 1974 Dec;180(6):805-13.

8. Duarte B, Mozes MF, John E, Aronson I, Pollak
R, Jonasson O. Parathyroid allotransplantation in the
treatment of complicated idiopathic primary hypopara-
thyroidism. Surgery. 1985 Dec;98(6):1072-76.

9. Zeng Q. Allotransplantation of parathyroid glands
to treat intractable hypoparathyroidism. Surgery. 1986
Jan;99(Is 1):131-32.

10. Kunori T, Tsuchiya T, Itoh J, Watabe S, Arai M,
Satomi T, et al. Improvement of postoperative hypo-

49



© V.Y. Khryshchanovich et al. Allotransplantation of Cultivated Parathyrocytes

calcemia by repeated allotransplantation of parathyroid
tissue without anti-rejection therapy. 7Tohoku J Exp
Med. 1991 Sep;165(1):33-40.

11. Alfrey EJ, Perloff LJ, Asplund MW, Dafoe DC,
Grossman RA, Bromberg JS, et al. Normocalcemia
thirteen years after successful parathyroid allografting
in a recipient of a renal transplant. Surgery. 1992
Feb;111(2):234-36.

12. Decker GA, Stark JH, Botha JR, Margolius LP,
Decker G. Allotransplantation of parathyroid cells.
Lancet. 1995 Jan 14;345(8942):124.

13. Hasse C, Zielke A, KlockG, Schlosser A, Zimmer-
mann U, Rothmund M. Isotransplantation of microen-
capsulated parathyroid tissue in rats. Exp Clin Endocri-
nol Diabetes. 1997;105(1):53-56.

14. Torregrosa NM, Rodriguez JM, Llorente S, Balsa-
lobre MD, Rios A, Jimeno L, et al. Definitive treat-
ment for persistent hypoparathyroidism in a kidney
transplant patient: parathyroid allotransplantation. 7Thy-
roid. 2005 Nov;15(11):1299-302.

15. Chapelle T, Meuris K, Roeyen G, De Greef K,
Van Beeumen G, Bosmans JL, et al. Simultaneous
kidney-parathyroid allotransplantation from a single
donor after 20 years of tetany: a case report. 7Trans-
plant Proc. 2009 Mar;41(2):599-600. doi: 10.1016/j.
transproceed.2008.12.026.

16. Cabané P, Gac P, AmatJ, Pineda P, Rossi R, Cavie-
des R, et al. Allotransplant of microencapsulated para-
thyroid tissue in severe postsurgical hypoparathyroidism:
a case report. Transplant Proc. 2009 Nov;41(9):3879-
83. doi: 10.1016/j.transproceed.2009.06.211.

17. Flechner SM, Berber E, Askar M, Stephany B,
Agarwal A, Milas M. Allotransplantation of cryo-
preserved parathyroid tissue for severe hypocalce-
mia in a renal transplant recipient. Am J Trans-
plant. 2010 Sep;10(9):2061-65. doi: 10.1111/j.1600-
6143.2010.03234.x.

18. Belda Gonzalez I, del Moral JM, Pérez NM,
Soto JB, Orihuela JA. Parathyroid allotransplanta-
tion as permanent treatment in a renal transplant pa-
tient. Cir Esp. 2012 Mar;90(3):202-3. doi: 10.1016/j.
ciresp.2010.09.020. [Article in Spanish]

19. Giulianotti PC, D'Amico G, Tzvetanov I, Bene-
detti E. Living donor parathyroid allotransplantation
with robotic transaxillary procurement in a Kkidney
transplant recipient. Transpl Int. 2014 Jun;27(6):e43-5.
doi: 10.1111/tri.12269.

20. Garcia-Roca R, Garcia-Aroz S, Tzvetanov IG,
Giulianotti PC, Campara M, Oberholzer J, et al
Simultaneous living donor kidney and parathyroid al-
lotransplantation: first case report and review of litera-
ture. Transplantation. 2016 Jun;100(6):1318-21. doi:
10.1097/TP.0000000000001042.

21. Khryshchanovich V, Ghoussein Y. Allotransplanta-
tion of macroencapsulated parathyroid cells as a treat-
ment of severe postsurgical hypoparathyroidism: case
report. Ann Saudi Med. 2016 Mar-Apr;36(2):143-47.
doi: 10.5144/0256-4947.2016.21.3.1130.

22. Al-Azem H, Khan AA. Hypoparathyroidism. Best
Pract Res Clin Endocrinol Metab. 2012 Aug;26(4):517-
22. doi: 10.1016/j.beem.2012.01.004.

23. Winer KK, Zhang B, Shrader JA, Peterson D,
Smith M, Albert PS, et al. Synthetic human parathy-
roid hormone 1-34 replacement therapy: a randomized
crossover trial comparing pump versus injections in the
treatment of chronic hypoparathyroidism. J Clin En-
docrinol Metab. 2012 Feb;97(2):391-99. doi: 10.1210/
jc.2011-1908.

50

24. Akers DR, Binkley EL, Miller AP. Homotrans-
plantation of parathyroid gland in idiopathic hypopara-
thyroidism. Pediatrics. 1958 Jun;21(6):974-79.

25. Anikandrov BV, Yakovlev AY. Clinical experience
in homotransplantation of thyroid and parathyroid glands
on vascular stumps. Acta Chir Plast. 1966;8(1):23-31.
26. Sollinger HW, Mack E, Cook K, Belzer FO. Allo-
transplantation of human parathyroid tissue without immu-
nosuppression. Transplantation. 1983 Dec;36(6):599-602.
27. Nawrot 1, Wozniewicz B, Tottoczko T, Sawicki A,
Gorski A, Chudziski W, et al. Allotransplantation of
cultured parathyroid progenitor cells without immuno-
suppression: clinical results. Transplantation. 2007 Mar
27;83(6):734-40.

29. Saxe AW, Gibson G, Elfont E. In vitro assessment
of parathyroid immunogenicity: the effect of cryopreser-
vation. Surgery. 1990 Jul;108(1):56-62.

30. Rahusen F, Munda R, Hariharan S, First MR,
Demmy A. Combined kidney-pancreas and parathyroid
transplantation: a case report. Clin Transplant. 1997
Aug;11(4):341-43.

REFERENCES

1. Udelsman R. Six hundred fifty-six consecutive ex-
plorations for primary hyperparathyroidism. Ann Surg.
2002 May;235(5):665-70; discussion 670-72.

2. Brown WH. parathyroid implantation in the treat-
ment of tetania parathyreopriva. Ann Surg. 1911 Mar;
53(3): 305-17.

3. Stone HB, Owings JC, Gey GO. Transplantation
of living grafts of thyroid and parathyroid glands. Ann
Surg. 1934 Oct; 100(4): 613-28.

4. Sterling JA, Goldsmith R. Total transplant of thyroid
gland using vascular anastomoses; report of successful re-
sult in chronic tetany. Surgery. 1954 Apr;35(Is 4):624-28.

5. Watkins EJr, Haynes LL, Adams HD. Aortic-pedicle
technic for obtaining immediate vascularization of fe-
tal parathyroidgland transplants in man; application in
three patients with hypoparathyroidism appearing after
thyroidectomy. N Engl J Med. 1959 Jul 16;261(3):105-
12.

6. Groth CG, Hammond WS, Iwatsuki S, Popovitzer
M, Cascardo S, Halgrimson CG, et al. Survival of a

homologous parathyroid implant in an immunosup-
pressed patient. Lancet. 1973 May 19;1(7812):1082-85.

7. Wells SA Jr, Burdick JF, Hattler BG, Christiansen
C, Pettigrew HM, Abe M, et al. The allografted para-
thyroid gland: evaluation of function in the immunosup-
pressed host. Ann Surg. 1974 Dec;180(6):805-13.

8. Duarte B, Mozes MF, John E, Aronson I, Pollak
R, Jonasson O. Parathyroid allotransplantation in the
treatment of complicated idiopathic primary hypopara-
thyroidism. Surgery. 1985 Dec;98(6):1072-76.

9. Zeng Q. Allotransplantation of parathyroid glands
to treat intractable hypoparathyroidism. Surgery. 1986
Jan;99(Issue 1):131-32.

10. Kunori T, Tsuchiya T, Itoh J, Watabe S, Arai M,

Satomi T, et al. Improvement of postoperative hypo-
calcemia by repeated allotransplantation of parathyroid
tissue without anti-rejection therapy. Tohoku J Exp
Med. 1991 Sep;165(1):33-40.

11. Alfrey EJ, Perloff LJ, Asplund MW, Dafoe DC,

Grossman RA, Bromberg JS, et al. Normocalcemia

thirteen years after successful parathyroid allografting
in a recipient of a renal transplant. Surgery. 1992
Feb;111(2):234-36.

12. Decker GA, Stark JH, Botha JR, Margolius LP,



© HoBoctu xupyprun Tom 25 * Ne 1 * 2017

Decker G. Allotransplantation of parathyroid cells.
Lancet. 1995 Jan 14;345(8942):124.

13. Hasse C, Zielke A, Klock G, Schlosser A, Zim-
mermann U, Rothmund M. Isotransplantation of mi-
croencapsulated parathyroid tissue in rats. Exp Clin En-
docrinol Diabetes. 1997;105(1):53-56.

14. Torregrosa NM, Rodriguez JM, Llorente S, Balsa-
lobre MD, Rios A, Jimeno L, et al. Definitive treat-
ment for persistent hypoparathyroidism in a kidney
transplant patient: parathyroid allotransplantation. 7Thy-
roid. 2005 Nov;15(11):1299-302.

15. Chapelle T, Meuris K, Roeyen G, De Greef K,
Van Beeumen G, Bosmans JL, et al. Simultaneous
kidney-parathyroid allotransplantation from a single
donor after 20 years of tetany: a case report. 7Trans-
plant Proc. 2009 Mar;41(2):599-600. doi: 10.1016/j.
transproceed.2008.12.026.

16. Cabané P, Gac P, AmatJ, Pineda P, Rossi R, Cavie-
des R, et al. Allotransplant of microencapsulated para-
thyroid tissue in severe postsurgical hypoparathyroidism:
a case report. Transplant Proc. 2009 Nov;41(9):3879-
83. doi: 10.1016/j.transproceed.2009.06.211.

17. Flechner SM, Berber E, Askar M, Stephany B,
Agarwal A, Milas M. Allotransplantation of cryo-
preserved parathyroid tissue for severe hypocalce-
mia in a renal transplant recipient. Am J Trans-
plant. 2010 Sep;10(9):2061-65. doi: 10.1111/j.1600-
6143.2010.03234.x.

18. Belda Gonzalez I, del Moral JM, Pérez NM,
Soto JB, Orihuela JA. Parathyroid allotransplanta-
tion as permanent treatment in a renal transplant pa-
tient. Cir Esp. 2012 Mar;90(3):202-3. doi: 10.1016/j.
ciresp.2010.09.020. [Article in Spanish]

19. Giulianotti PC, D'Amico G, Tzvetanov I, Bene-
detti E. Living donor parathyroid allotransplantation
with robotic transaxillary procurement in a Kkidney
transplant recipient. Transpl Int. 2014 Jun;27(6):e43-5.
doi: 10.1111/tri.12269.

20. Garcia-Roca R, Garcia-Aroz S, Tzvetanov IG,
Giulianotti PC, Campara M, Oberholzer J, et al
Simultaneous living donor kidney and parathyroid al-

Anpec a5 KoppeciOHIeHIUA

220116, Pecnyonuka benapycs,

r. MuHck, nip-T 3epxuHckoro, a. 83,
YO «benopycckuii rocy1apcTBeHHBbII
MEAULMHCKUI YHUBEPCUTET»,

2-s Kadeapa Xupypruueckux 0ose3Hei,
Ten.pab.: + 375 17 287-86-52,

dakc: + 375 17 201-91-60,

e-mail: vladimirkh77@mail.ru,
XpbliliaHoBud Bragumup AHoBuy

Caeznenusi 00 aBTOpax

Xpeiianosuu B.A., a.M.H., DOLEHT, IMOLIEHT 2-i Ka-
denpsl xupyprudeckux oosesHeir YO «bemopycckuii
TOCYIapCTBEHHBI MEIULIMHCKUIT YHUBEPCUTET».
Bepimmnun I1.10., 3aBeaytommii otaeneHreM Hedpoiio-
My U reMoauanusa Y3 «9-g ropoackasl KIiMHU4ecKast
OosbHULIA» T. MUHCKa.

BonbiioB A.B., K.M.H., TOLIEHT, TOLEHT 2-i Kadeapbl
xupyprudeckux 6onesneir YO «benopycckuii rocymap-
CTBEHHBI MEIULIMHCKUI YHUBEPCUTET».

Tperpak C.M., 3acnyxeHHBINI OesaTelb HaykKu Pe-
cnyonuku benapych, n.M.H., npodeccop, 4WieH-

lotransplantation: first case report and review of litera-
ture. Transplantation. 2016 Jun;100(6):1318-21. doi:
10.1097,/TP.0000000000001042.

21. Khryshchanovich V, Ghoussein Y. Allotransplanta-
tion of macroencapsulated parathyroid cells as a treat-
ment of severe postsurgical hypoparathyroidism: case
report. Ann Saudi Med. 2016 Mar-Apr;36(2):143-47.
doi: 10.5144/0256-4947.2016.21.3.1130.

22. Al-Azem H, Khan AA. Hypoparathyroidism. Best
Pract Res Clin Endocrinol Metab. 2012 Aug;26(4):517-
22. doi: 10.1016/j.beem.2012.01.004.

23. Winer KK, Zhang B, Shrader JA, Peterson D,
Smith M, Albert PS, et al. Synthetic human parathy-
roid hormone 1-34 replacement therapy: a randomized
crossover trial comparing pump versus injections in the
treatment of chronic hypoparathyroidism. J Clin En-
docrinol Metab. 2012 Feb;97(2):391-99. doi: 10.1210/
jc.2011-1908.

24. Akers DR, Binkley EL, Miller AP. Homotrans-
plantation of parathyroid gland in idiopathic hypopara-
thyroidism. Pediatrics. 1958 Jun;21(6):974-79.

25. Anikandrov BV, Yakovlev AY. Clinical experience
in homotransplantation of thyroid and parathyroid glands
on vascular stumps. Acta Chir Plast. 1966;8(1):23-31.
26. Sollinger HW, MackE, Cook K, Belzer FO. Allo-
transplantation of human parathyroid tissue without im-
munosuppression. Transplantation. 1983 Dec;36(6):599-
602.

27. Nawrot I, Wozniewicz B, Tottoczko T, Sawicki A,
Gorski A, Chudziski W, et al. Allotransplantation of
cultured parathyroid progenitor cells without immuno-
suppression: clinical results. Transplantation. 2007 Mar
27,83(6):734-40.

29. Saxe AW, Gibson G, Elfont E. In vitro assessment
of parathyroid immunogenicity: the effect of cryopreser-
vation. Surgery. 1990 Jul;108(1):56-62.

30. Rahusen F, Munda R, Hariharan S, First MR,
Demmy A. Combined kidney-pancreas and parathyroid
transplantation: a case report. Clin Transplant. 1997
Aug;11(4):341-43.

Address for correspondence

220116, the Republic of Belarus,

Minsk, Dzerzhinski str., 83,

EE «Belarusian State Medical University»,
Department of surgical diseases N2.

Tel.: +375 17 287-86-52

Fax: + 375 17 201-91-60

E-mail: vladimirkh77@mail.ru

Vladimir Y. Khryshchanovich

Information about the authors

Khryshchanovich V.Y. MD, Ass. Professor of the
department of the surgical diseases N2, EE «Belarusian
State Medical University».

Vershinin P.Y. Head of the nephrology and hemodyalysis
unit, ME «The 9™ City Clinical Hospital», Minsk.
Bolshov A.V. PhD, Ass. Professor of department of
the surgical diseases N2, EE «Belarusian State Medical
University».

Tretyak S.I. Honored Worker of Science of the Republic
of Belarus, MD, Professor, Corresponding Member of
NAS of Belarus, Head of department of the surgical

51



© V.Y. Khryshchanovich et al. Allotransplantation of Cultivated Parathyrocytes

koppecnioHaeHT HAH bBenapycu, 3aBemyroumii 2-i
Kadenpoii xupyprudeckux oosesneir YO «benopycckuit
TOCYIapCTBEHHBI MEAULIMHCKUN YHUBEPCUTET».
KysbmenkoBa E.W., 3aBeayiomiass 3HIOKPUHOJOTH-
yeckuM otaeneHueM 'Y «PecnyOnukaHCKMI LIEHTP
MEIULIMHCKON peabuInTauny U 6aJbHEOICUCHMST».
IMucapenko A.M., 3aBeayIoNInii OTACICHUEM OITyXOJIei
roJIoBHI U 11er Y3 « MUHCKUI TOPOICKON KIMHUYECKUI
OHKOJIOTUYECKUIA JTUCTIAHCEeP».

XomocoBckasa E.B., cTrapmuii HaydHBI COTPYIHUK
JnabopaTopuu OMOXMMHUUECKUX METOAOB UCCIETOBAHUS
HHWY YO «benopycckuit rocyniapcTBEHHbI MEAULIMH-
CKUI YHUBEPCUTET».

Konecunukosa T.C., cTaplimnii HaydYHBIA COTPYAHUK
JlabopaTopun OMOXUMUYECKUX METOIOB MCCIeI0BaHMS
HHWY YO «benopycckuii rocynapcTBeHHbII MEIULIMH-
CKUI1 YHUBEPCUTET».

Pymmo 0O.0., 3acnyxeHHblit Bpau Pecnyonuku be-
Jlapych, I.M.H., TIpodeccop, 3aMeCTUTEIb TJIaBHOTO
Bpaua 1o Xupypruu Y3 «9-s ropoackasi KIIMHU4ecKast
OosibHUIIa» T. MUHCKA, TJIaBHBII BHEIITATHLIA TpaHC-
mianrojor M3 PB.

Tlocmynuaa 1.07.2016 e.
[Ipunama ¢ newame 12.09.2016 o.

diseases N2, EE «Belarusian State Medical University».
Kuzmenkova E.I. Head of the endocrinology unit, SE
«Republican Center of Medical Rehabilitation and
Balneotherapy».

Pisarenko A.M. Head of department of the head and
neck tumors, ME «Minsk City Clinical Oncologic
Dispensary».

Khodosovskaya E.V. Senior researcher of the laboratory
of biochemical research methods subdivision, EE
«Belarusian State Medical University».

Kolesnikova T.S. Senior researcher of the laboratory
of biochemical research methods subdivision, EE
«Belarusian State Medical University».

Rummo O.0. Honored Worker of Science of the
Republic of Belarus, MD, professor, Deputy Chief of
surgery, ME «The 9" City Clinical Hospital», Minsk,
Chief freelance transplantologist of the Ministry of
Health, the Republic of Belarus.

Received 1.07.2016
Accepter 12.09.2016

52



