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Abstract
Parathyroid cell transplantation is an effective approach for the treatment of permanent hypoparathyroidism. Intramuscular and intraperitoneal
routes were performed previously but intravenous adminstration has not been conducted previous studies. Our aim is to determine proper
homing site for parathyroid cells, therefore we administered parathyroid cells intravenously and observed results. This study is carried out on nine
sheep. According to the given substance the sheep were divided into two groups; seven were parathyroid cell injected group and two were isotonic
saline solution injected control group. Parathyroid cells were obtained from a patient with chronic kidney failure and were injected intravenously
into sheep after cell isolation.: 20x106 cells for two animals, 50x106 cells for two animals, 100x106 cells for two animals, and 200x106 cells for one
animal respectively, with no post injection immunosuppresive therapy. Immunosuppresion was not administered. Physical conditions of animals
and blood biochemical tests were observed for three months. After sacrifications, kidneys and livers were evaluated histopathologically. In 20x106
and 50x106 cell transplanted groups serum PTH levels increased in the first seven days but in the other groups remained stable. Histopathological
evaluations of kidneys and livers revealed fibrosis related to the number of infused cells, however biochemical functional differentiations were not
detected. Intravenous parathyroid cell transplantation is considered as an effective and useful technique to perform without immunosuppression.
However, further and long term studies need to have more acceptable results in future for clinical purpose.
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Bir Hayvan Modeli Olarak: Koyunlarda Intravenöz Paratiroid Hücre
Zenonaklinin Etkisi
Öz
Paratiroid hücre nakli, kalıcı hipoparatiroidizmin tedavisinde etkili bir yaklaşımdır. İntramüsküler ve intraperitoneal yollar daha önce yapılmış,
ancak intravenöz uygulama daha önce yapılmamıştır. Amacımız, paratiroid hücreleri için uygun yerleşim bölgesini belirlemekti, bu amaçla
paratiroid hücrelerini intravenöz olarak uyguladık ve sonuçları gözlemledik. Bu çalışma dokuz koyun üzerinde gerçekleştirildi. Verilen maddeye
göre koyunlar iki gruba ayrıldı; yedisi paratiroid hücresi enjekte edilen grup, ikisi iztonik tuz çözeltisi enjekte edilen kontrol grubudur. Paratiroid
hücreleri kronik böbrek yetmezliği olan bir hastadan elde edildi ve hücre izolasyonu sonrası intravenöz olarak koyunlara enjekte edildi. Sırasıyla;
20x106 hücre iki hayvana, 50x106 hücre iki hayvana, 100x106 hücre iki hayvana ve 200x106 hücre bir hayvana hayvana uygulandı ve enjeksiyon
sonrası immünsupresyon uygulanmadı. Üç ay süresince hayvanların fiziksel kondisyonları ve kan biyokimyasal testleri gözlemlendi. Sakrifikasyon
sonrası, karaciğerler ve böbrekler histopatolojik olarak incelendi. 20x106 ve 50x106 hücre nakledilen gruplarda serum PTH seviyeleri ilk yedi gün
yükseldi ancak diğer gruplarda sabit kaldı. Böbreklerin ve karaciğerlerin histopatolojik incelemelerinde, infüze edilen hücre sayısıyla ilişkili fibrozis
saptandı, ancak biyokimyasal fonksiyonlarda herhangi bir farklılık tespit edilmedi. İntravenöz paratiroid hücre naklinin, immünsupresyonsuz
uygulanacak etkili ve kullanışlı bir teknik olduğu değerlendirildi. Bununla birlikte, klinik amaçla kullanım öncesi ilerleyen dönemde daha kabul
edilebilir sonuçları olan uzun süreli çalışmalara ihtiyaç vardır.

Anahtar sözcükler: Zenonakil, Paratiroid hücresi, İntravenöz enjeksiyon, Kalıcı hipoparatiroidizm, Koyun
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INTRODUCTION
Permanent hypoparathyroidism (PH) is a clinical condition
accompanied by hypocalcemia, hyperphosphatemia, and
low parathormone (PTH) levels. The most common
etiologic factor of PH is thyroid surgery [1]. The current
standard treatment of PH is vitamin D and calcium
supplementation. Standard treatment only relieves the
symptoms temporarily and may causes several side effects [2].
Recombinant parathormone drugs reveal better results
however balancing the dosage, efficacy and safety is not
clear. In addition, recombinant parathormone drugs are
more expensive than standard treatment [3]. Parathyroid
cell transplantation is the most promising technique for
the treatment of PH [4]. In the literature, several transplantation approaches have been reported such as autotransplantation [5], allo-transplantation [6], and xenotransplantation [7] (XT). These approaches are used with different
methods e.g. direct tissue injection [8], non-treated cultivated
cells injection [9], cultured parathyroid cells treated with
IFNγ [10], macroencapsulation [11], and microencapsulation [12]
Different experimental animal models for the assessment
of parathyroid function, morphology, and disease progression
have been investigated including, dog [13], rat [14], rabbit [15],
and sheep [16]. Among them parathyroid transplantation
models were assessed by intramuscular [17] and intraperitoneal routes [7], respectively. Till the time of the
research was planned, intravenous parathyroid cell transplantation has not been tried. In the present study, we
injected human parathyroid cells to the sheep, and
observed the functionality of the cells and their effects on
the kidney and liver.

MATERIAL and METHODS
The study was approved by the Bezmialem Vakif University,
Local Experimental Animals Ethics Committee (approval
number: 2018/12). In the power analysis, the number
of subjects was determined in 85% confidence interval
and 95% significance level. We studied on nine sheep
(12 months-old, mean weight 27.05 kg, weight range
24.5-35.5). The animals were housed and fed ad libitum
throughout the study. The animals were divided into
two groups; intravenous parathyroid cells injected group
(n=7) and intravenous isotonic saline solution injected
group (n=2). Peripheral blood samples were obtained
before XT and continued biweekly after XT for 90 days.
Weights and other physical conditions of the animals were
examined weekly. After 90 days, the animals were sacrificed.
Excisional biopsies were taken from the kidney and liver
for histopathological evaluations. Resected tissues were
immersed in neutral-buffered 10% formalin and fixed
for at least 24 h. Formalin-fixed tissues were processed
within paraffin wax and sectioned at 5 μm, mounted on
positively charged glass slides, and air-dried overnight.
Slides were rehydrated and stained by hematoxylin and
eosin. Three to four transects of each slide were counted.

Tissues were evaluated by one expert pathologist who
blinded the groups, according to fibrosis scoring (Grade
0: No fibrosis for liver and no congestion/fibrosis for
kidney, Grade 1: Mild fibrosis for liver and mild congestion/
fibrosis for kidney, Grade 2: Moderate fibrosis for liver and
moderate congestion/fibrosis for kidney, and Grade 3:
Severe fibrosis for liver and severe congestion/fibrosis for
kidney) as previously reported by Idiz et al.[18]. Before the
XT procedure the Local Human Ethics Committee approval
was received (approval number: 71306642-050.01.04). All
of the protocols were confirmed according to the ethical
guidelines of the Helsinki Declaration and written informed
consent was obtained from the donor. The donor patient
was a 34 year old man with parathyroid hyperplasia
resistant to drug therapy due to chronic renal failure who
was referred from the nephrology outpatient clinic to the
general surgery department for surgical intervention.
Standard subtotal parathyroidectomy procedure was
performed and half of each of the resected glands were
delivered to the pathology laboratory for histopathological
evaluation. The remaining parts of the glands were snap
frozen. After the histopathological evaluations were reported
as benign parathyroid hyperplasia, the tissues were
prepared for the XT process.
Cell Preparation Procedure for XT
In laboratory conditions, the tissue was cut and washed
with 1% Phosphate-buffered solution (Thermo Fisher
Scientific, MA) and minced in a petri dish on ice. The minced
preparation was combined with 2 mL for a total 100 mg/
mL bovine serum albumin (Merck Millipore, Germany), 215
mmol collagenase type II (Thermo Fisher Scientific), 0.32
mM DNase I (AppliChem, Gatersleben, Germany), and 1 mL
Ham’s F10 Supplement (Thermo Fisher Scientific). Samples
were transferred to an incubator (CCL-170B-8; ESCO,
Singapore) at 37°C with humidified atmosphere containing
5% CO2, where they were incubated overnight. Each sample
was filtered into a 15-mL conical Falcon tube using a sterile
cell strainer (70 mm, Falcon; BD Biosciences, NJ). The solution
was centrifuged at 306 g for 15 min to obtain a pellet. Cells
were suspended in 1 mL of culture medium. Parathyroid
cell viability was assessed before cryopreservation using
a Muse Cell Analyzer (Merck Millipore) with a Muse Count
& Viability Assay Kit (Merck Millipore) [19]. The cells were
mixed with 10% DMSO (dimethyl sulfoxide), 10% FBS, and
suspended in cryotubes kept at -80°C, and then transferred
to a liquid nitrogen tank for storage. The day before XT,
cells were removed from the nitrogen tank and cultivated
in flasks with McCoy’s 5A (Modified) Medium (Thermo
Fisher Scientific) with 1% sodium pyruvate, 1% penicillinstreptomycin, and 10% FBS and placed in an incubator
(CCL-170B-8; ESCO) at 37°C with 5% CO2 humidified
atmosphere, where they were kept overnight before XT.
XT Procedure
Prepared xenograft cells were administered to seven animals
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by a decreased count system: 100x106 cells for two
animals, 50x106 cells for two animals, 20x106 cells for two
animals, and 200x106 cells for one animal into the 10 mL
isotonic saline solution. Injections were performed via
external jugular vein catheterization. In the control group,
10 mL isotonic saline solution physiologic was injected
intravenously via the external jugular vein.
Blood Biochemical Tests
Serum sheep-PTH and human-PTH levels were measured
using Sheep Parathyroid Hormone ELISA Kit® (MyBiSource,
CA, USA) and Architect Intact hu-PTH Assay Kit® (Abbott,
IL, USA), respectively. A complete blood count (CBC)
was measured by Hematology Analyzer Abacus Junior
Vet® (Diatron, Budapest, Hungary). Aspartate aminotransferase (AST), alanine aminotransferase (ALT), gammaglutamyl transpeptidase (GGT), alkaline phosphatase
(ALP), lactate dehydrogenase (LDH), troponin, creatine
kinase (CK), amylase, lipase, urea, total bilirubin, calcium,
phosphorus, albumin, and creatinine were measured by
Chemistry Analyzer IDEXX VetTest® (IDEXX Laboratories,
Maine, USA).
Statistics
All data during the given period were compared with
pre-op values. Statistical analyses were performed using
SPSS software v22.0 (IBM, Armonk, NY, USA). Data was not
normally distributed, thus we used Friedman test as a nonparametric test, and P<0.05 was considered statistically
significant.

RESULTS
Mean blood biochemical parameter variations, except PTH
in the XT group are presented in Table 1. No statistically
significant changes were detected (P>0.05). Mean blood
PTH level variations in the XT group is presented in Fig. 1. In
the 20x106 and 50x106 cell injected groups, PTH increased
for the first five days after XT and, then decreased (Fig.
1-A,B). In the 100X106 cell injected group, PTH decreased
gradually after XT, but increased slightly between 30 to
60 days (Fig. 1-C). In the 200x106 cell injected group PTH
increased gradually after XT, however it did not reach the
normal level. According to the non-parametric Friedman
test, PTH levels were not detected statistically significant
(P=0.393). All changes in the PTH levels were compiled
in Fig. 1. Histopathological fibrosis scores of two groups
for the liver and kidney specimens are demonstrated in
Table 2. According to transplanted cell numbers, fibrosis,
inflammatory cell infiltration and necrotic areas were
increased in the liver and also the kidney tissue (Fig. 2, Fig. 3).

DISCUSSION
Several therapeutic approaches are available for PH
treatment, among them the most effective approach is
parathyroid allotransplantation. The first parathyroid allotransplantation was reported in 1911 [20]. Between 19902016, 316 allotransplantation cases were published in
the literature and most of them were performed via
intramuscular routes [5]. Three major routes are defined for
cell type transplantations intramuscularly, intraperitoneally,

Table 1. Blood biochemical parameter differentiations of xenotransplantation (XT) group
Blood Parameters

Pre XT

Day 30

Day 60

Day 90

Statistical Meaning

AST (72-101U/L)

96.7

95.7

100.4

98.6

P>0.05

ALT (9-22 U/L)

16.0

14.2

21.1

21.0

P>0.05

GGT (33-55 IU)

47.8

51.0

53.1

52.7

P>0.05

ALP (50-228 IU)

88.7

93.2

89.4

90.4

P>0.05

LDH (504-1049 IU)

480.4

513.5

522.5

517.4

P>0.05

CK (8-100 IU)

137.0

150.5

138.4

137.4

P>0.05

Amilase (1-30 IU)

10.7

11.1

10.4

11.7

P>0.05

Lipase(1-71 IU)

11.0

10.4

9.5

10.0

P>0.05

Urea (8-20 mg/dL)

13.1

15.1

12.6

14.1

P>0.05

Creatinine (0.6-1.5 mg/dL)

0.70

0.74

0.77

0.72

P>0.05

T. Bilirubin (0.1-0.4 mg/dL)

0.12

0.14

0.10

0.11

P>0.05

Calcium (9.1-10.8 mg/dL)

9.4

9.5

9.3

9.4

P>0.05

Phosphorus (4.0-8.9 mg/dL)

5.7

5.4

6.0

6.1

P>0.05

Albumin (2.4-3.7 g/dL)

2.7

2.7

3.1

3.0

P>0.05

<0.02

<0.02

<0.02

<0.02

P>0.05

CRP (<0.03 mg/dL)
RBC (x10 /L)

9.8

9.6

11.2

10.7

P>0.05

Hemoglobin (8-15 g/dL)

8.3

8.4

8.0

8.1

P>0.05

Platelet (x109/L)

622

717

684

664

P>0.05
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Fig 1. Mean serum PTH (pg/mL) variations of 20 (n=2), 50 (n=2), 100 (n=2) and 200 (n=1) X106 cell infused XT groups
respectively. Error bars indicated ±SD when at least two animals presented in the same group. PTH: Parathormone
Table 2. Histopathological fibrosis scores of xenotransplantation (XT) animals for liver and kidney
Tissue

Liver

Grade

Control Group (n=2)

Grade 0

+/+

Grade 1

20x106 Cells (n=2)

50x106 Cells (n=2)

+/+

+/+

100x106 Cells (n=2)

Grade 2

200x106 Cells (n=1)

+/+

Grade 3
Grade 0
Kidney

Grade 1

+
+/+
+/+

+/+

Grade 2

+/+

Grade 3

Fig 2. Healthy liver (left) and kidney (right) histological changes in the control group (H&E X40)

Fig 3. Necrosis in the hepatic central vein area (Grade 3 fibrosis) in liver (left) (H&E X100) and the decreased glomerular
infiltration, fibrosis and infiltrating mononuclear cells in kidney (right) (H&E X200) samples of 200X106 parathyroid
cell infused XT group

+
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and intravenously [7,21]. The acceptable route for parathyroid
cell allotransplantation has not been determined with
the best results yet [22]. Intramuscular route is routine way
for cell type transplantations because it is easy and quick
to perform, but the rate of success varies between the
centers [8,23]. Different results could be due to technical
preparation of details related to cell manupulation or
immunological responses.
On the other hand, according to the Kimura et al.[24], PTH
enhances myocyte differentiation by stimulating myotubes
and accelerated muscle strength may increase mechanical
stress for the transplanted parathyroid allo-graft. Therefore,
intramuscular transplantation may increase mechanical
stress on transplanted parathyroid cells by muscle
strength. Intraperitoneal cell transplantation is a traditional
technique but has been popular nowadays [25] and some
clinicians use the route for therapy. Several types of cells
such as islet cells [26] and Sertoli cells [27] were transplanted
via the intraperitoneal route. The main advantages of
intraperitoneal adminstration are low intraabdominal
pressure and rich vascular structures, as omentum. A
disadvantage of the route is that surgical intervention
is required under general anesthesia [28]. Intravenous cell
transplantation mainly utilize hematopoetic stem cells for
bone marrow related hematologic disorders [29]. In addition
islet cells [30] and mesechymal stem cells [31] were transplanted intravenously as well. The portal vein is the routine
access for transplantation of islet and mesenchymal stem
cells [27] but the portal vein route is associated with cell
loss and poor engraftment due to instant blood-mediated
inflammatory reaction (IBMIR). Once transplanted cells
trigger IBMIR, a significant amount of injected cells die
or lose their functions [32]. In intravenous transplantation,
homing site of transplanted cells is the optimal way for
determination of success rate. Whether transplanted
cells are positive for CD-34 surface protein, they migrate
to the bone marrow directly. CD surface proteins of
parathyroid cells have not been detected yet therefore
their homing site is uncertain. In this study, we evaluated
histopathologically liver and kidney tissue for potential
homing sites of parathyroid cells. We postulated that
transplanted parathyroid cells may be homing to the liver
and kidney due to the membranous protein similarity or
joined with their microcapilleries. We detected inflammatory
reactions lead to fibrous tissue related to the number
of transplanted cells in the liver and kidney, and no
parathyroid cells in their tissue histopathologically. So
any functional changes were not seen in profile levels
of liver and kidney. Serum PTH levels increased during
the first seven days only the 20x106 and 50X106 cells in
animals recevied XT. Serum calcium levels did not change
of all XT animals. The study revealed that, intravenous
parathyroid cell administration has not have functional
impairement in majority of organs such as the liver and
kidney for three months follow-up. We also revealed that,
despite human cells being infused in to the sheep without

any immunusuppressive therapy, PTH levels increased
during the first seven days in the 20X106 and 50X106 cell
XT animals. Allotransplantation instead of XT with less
number of cells may cause higher serum PTH levels with
a longer period of time without histopathological damage
to the major organs such as the liver and kidneys. As a
conclusion, our results are promising as a new treatment
option for the treatment of PH. However, long term followup studies with a different number of cells are in need
before clinical trial.
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