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ARTICLE INFO ABSTRACT

Keywords: Parathyroid allotransplantation is increasingly practiced for patients who have permanent hypoparathyroidsm.
Parathyroid allotransplantation Parathyroid allotransplantation success is varied, and no defined criteria about immunologic monitoring for
HLA typing pre-/post-transplantation follow-up. This study sought to evaluate the possible role of immunological tests. Four
PRA unrelated recipients and one living donor who have chronic kidney disease were evaluated for HLA-typing, PRA,
18)5(11\%/1 CXM tests to conduct parathyroid allotransplantation. Parathyroid glands were obtained and resected from the
cpe donor, then cells were isolated and cryopreserved. Upon histologic examination, cells were cultivated and in-

jected into muscle of four recipients. Recipient’s were followed for parathormone and calcium levels for four
years. PRA screening were monitored and de novo DSA was evaluated as well. In two of the recipients, allografts
continued to be functional more than four years. In one recipient, allograft remained functional for two years
and another recipient lost function after one year. Two out four were negative for de novo DSA and three out of
four of the recipients remained negative for PRA. Neither HLA-matching nor de novo DSA positivity and PRA
screenings seems significant for successfull parathyroid allotransplantation. This study has considerable po-

tential for immunological monitoring of parathyroid allotransplantation.

1. Introduction

Recent advances in transplantation, immunologic monitoring before
and after transplantation and including development of new im-
munosuppression regimens have led to long-term improvements in
survival of the transplanted graft. Nonetheless allograft survival is the
most critical challenge and overcoming immune response in trans-
plantation starts with post-operative management (Jung et al., 2017).
Therefore clinical, immunolological and genetic heterogeniety between
donor and recipient will require assessment of risk to prevent rejection
(Cravedi and Heeger, 2012).

There are several types of rejection and they can be divided by their
mechanisms. Major rejection types are associated with being hyper-
acute, acute or chronic. In hyperacute rejection the anti-donor anti-
bodies existing in the recipient before transplantation act rapidly and
this leads to necrosis of the graft (Moreau et al., 2013). Moreover acute
rejection directly acts on the graft and lasts for several months after

transplantation. Chronic rejection also is a major cause of rejection.
Mainly two types of immune response generates the processes: humoral
and cellular rejection which can be mentioned also as antibody-medi-
ated rejection (AMR), T cell-mediated rejection (TCMR) and B cell-
mediated rejection (BCMR) while acting alone or in combination
(Moreau et al., 2013; Garces et al., 2017). Ideal immunosuppression
regimens are determined according to the transplanted graft and in-
creased risk of acute rejection favors allograft whereas their efficacy
still remains a promising strategy (Townamchai et al., 2013; Marin
et al., 2018). Another immune response is microcirculation inflamma-
tion and is directly associated with reduced capillary perfusion, adhe-
sion of leukocytes and activation of many mediators to induce in-
flammation cascades which are responsible for poor graft survival after
transplantation with combination of other responses especially de novo
donor spesific antibodies (DSA) as well (Granger and Senchenkova,
2010; Arnold et al., 2018).

Human leukocyte antigens (HLA) determination and specifity is
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enhanced by DNA-based typing techniques. In transplantation, reliable
and feasible understanding of HLA typing enabled matching and mis-
matching HLA allele between donor and recipient is needed. The im-
pact of this pre-evaluated HLA-identity has been contributed with a
decreased risk of graft failure (Garces et al., 2017; Montgomery et al.,
2018). The matching and mismatching allel criteria depends on the
graft sources in transplantation. In addition Panel Reactive Antibody
(PRA) screening provides an approximate score of circulating HLA class
I and II antigens in patient's serum. Acceptable PRA score differs be-
tween each laboratory and cut-off value changes depending on the
transplanted graft type. On the other hand, flow cytometric cross match
tests (CXM) identified with an increased sensitivity and challenged the
HLA antibody detection in serum of recipients while showing that HLA
antibodies rise and fall overtime via blood transfusion, transplantation
and even pregnancy (Garces et al., 2017; Montgomery et al., 2018; Lee
et al.,, 2011). Furthermore, the microlymphocytotoxicity cross-match
(CDC) screening denotes the presence of cytotoxic alloreactive im-
munoglobulin (Ig) G antibodies against the potential donor HLA anti-
gens. CXM is more sensitive than CDC and cut-off values vary between
laboratories (Garces et al., 2017; Montgomery et al., 2018; Ju et al.,
2018; Leto Barone et al., 2013). DSA test following transplantation al-
lows for the detection of positive antibodies in recipients serum against
donor cells. DSA presence in blood could trigger AMR overtime (Garcia
de Mattos Barbosa et al., 2018; Platt et al., 2017). The limitation of this
assay is the requirement of donor cells which can be diffucult to obtain
if the donor is deseased (Sood and Testro, 2014).

There were no common consensus between most of the immune
monitoring tests for kidney, liver, heart, lung, islet or parathyroid
transplantations. Each transplantation type includes different pre-op
and follow-up criteria. Pre- or post-assessment cannot be graded as a
determining factor for which test is more reliable or provides a better
success rate is not certain. Each transplantation case should be con-
sidered on its own facts.

In parathyroid allotransplantation (PA), there are no reports that
have been indentified for immune monitoring. Therefore, the aim of
this study is to evaluate the significant role of pre-determination of HLA
typing, PRA, CXM tests and as well as post-transplant follow up with
PRA and de novo DSA’s for PA.

2. Materials and methods

This study was conducted after receiving approval from the Local
Human Ethics Committee and all of the protocols conformed to the
ethical guidelines of the Helsinki Declaration, and written informed
consent was obtained from all subjects

2.1. Pre-evaluation of donor and recipients

One donor and four recipients were evaluated for this study. The
donor was a 44 year-old 0 Rh (+) male. He had parathyroid hyper-
plasia secondary to chronic renal failure. Written informed consent was
obtained and screened for viral markers; anti-HIV, anti-HCV, anti-
HBc,anti-HBs, anti-Hbe antibodies, HBV antigen and cytomegalovirus
IgG and IgM antibodies, Epstein-Barr virus IgG, IgM, and venereal
disease research laboratory (VDRL) tests. After review of the results, the
patient underwent a parathyroidectomy.

Recipient #1 (R#1) was a 48 year old female. She had undergone
total thyroidectomy seven years ago. Permanent hypoparathyroidsm
(PH) had occurred in the postoperative early stage and she was treated
for two years with 2000 mg/d oral calcium (Calcimax-D3°; Basel Ilac
Co, Istanbul, Turkey), calcitriol 1.5mg/d (Rocaltrol”; Deva Ilac Co,
Istanbul, Turkey), and levothyroxine sodium 200 mg/d (Levotiron®
100 mg; Abdi Ibrahim Ilac Co, Istanbul, Turkey) to relieve symptoms.

Recipient #2 (R#2) was a 41 year old female. She had undergone
total thyroidectomy 17 years ago. She was diagnosed with PH in the
early postoperative stage and was also treated for 11 years with
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2000mg/d oral calcium (Calcimax-D3°; Basel Ilac Co, Istanbul,
Turkey), and levothyroxine sodium 100 mg/d (Levotiron” 100 mg; Abdi
Ibrahim Ilac Co, Istanbul, Turkey) to relieve symptoms.

Recipient #3 (R#3) was a 45 year old female. She had undergone
total thyroidectomy 12 years ago. She was diagnosed with PH in the
early postoperative stage and was also treated for 7 years with
2000 mg/d oral calcium (Calcimax-D3"; Basel Ilac Co, Istanbul,
Turkey), calcitriol 1 mg/d (Rocaltrol”; Deva Ilac Co, Istanbul, Turkey),
and levothyroxine sodium 150 mg/d (Levotiron” 100 pg; Abdi Ibrahim
Ilac Co, Istanbul, Turkey) to relieve symptoms.

Recipient #4 (R#4) was a 58 year old female. She had undergone
total thyroidectomy 21 years ago. She was diagnosed with PH in the
early postoperative stage and was also treated for 16 years with
3000 mg/d oral calcium (Calcimax-D3°; Basel Ilac Co, Istanbul,
Turkey), calcitriol 1.5mg/d (Rocaltrol”; Deva Ilac Co, Istanbul,
Turkey), and levothyroxine sodium 100 mg/d (Levotiron® 100 mg; Abdi
Ibrahim Ilac Co, Istanbul, Turkey) to relieve symptoms.

After obtaining approval and informed consents from the donor and
all the recipients, we performed a PA. We evaluated HLA typing, CXM
tests for donor and each recipient and PRA was screened for the four
recipients as well.

Blood samples were placed into vacutainer tubes. DNA isolation was
performed according to the manufacturer’s protocol with QIAamp DNA
Blood Kit (Qiagen, Hilden, Germany). The HLA genotyping was per-
formed by sequence-specific oligonucleotide primed PCR (PCR-SSO)
method by using LABType” SSO typing kit (One-Lambda, CA, USA). The
procedure was performed according to the manufacturer's instructions
with using LABScan™ 100 analyzer (One-Lambda, CA, USA).

Class I and class IT HLA antibodies were screened with a LABScreen”
PRA Kit (One Lambda, CA, USA) according to manufacturer’s protocol.
Positive samples were further tested for the specificity of antibodies for
HLA-A, -B, -C, -DR, -DP, -DQ and fluorescence intensity was measured
with a Luminex100 flow analyzer. Data was analyzed using LABScan
100 software (One Lambda, CA, USA). Median fluorescence intensity
(MFI) of the PRA bead reactions was obtained from the output file
generated by the flow analyzer and adjusted for the background signal.
Recipients were defined as anti-HLA antibody-positive when they had
HLA antibodies with MFI > 2000. In addition, CXM tests for T and B
cells (T-FCXM, B-FCXM respectively) and microlymphocytotoxicity
(CDQ) tests were performed. The donor’s and the four recipient’s per-
ipheral blood mononuclear cells (PBMC) were isolated. The CDC
screening for HLA antibodies was performed and each recipients’ serum
was treated with dithiothreitol (DTT—an agent that removes IgM) and
mixed with the donors’ lymphocytes. In addition 5 x 10°> PBMCs were
incubated in duplicates with serum of the recipients; negative control
serum and positive control serum, respectively (mixture of sera with
PRA of > 95%). Then, incubated groups were labeled with anti-CD3
antibody for the T-FCXM and anti-CD20 antibody for the B-FCXM, then
measured by flow cytometry. The cut-off values were 5% for T cells and
8% for B cells by fluorescence index (FI) which is the percentage shift in
the test serum as compared to the positive control ((test serum
FI—negative control FI)/(positive control—negative control FI) X
100).

Serum samples from the four recipients were analyzed for Class I
and Class II IgG HLA antibodies using the commercially available
LABScreen SAB assay kit (One Lambda, Inc., CA, USA) on a LABScan™
100 (Luminex’ 100/200, One Lambda, Inc., CA, USA). The procedure
was performed according to the manufacturer's instructions, and sam-
ples were analyzed using Luminex 100 IS v 2.3 software (Luminex
Corporation, USA).

2.2. Parathyroid cell isolation and cryopreservation
After parathyroidectomy and histopathologic confirmation of hy-

perplasia, the remaining parts of the glands were transported to the
parathyroid cell culture laboratory unit in an ice cold AmnioMAX II
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Complete Medium (Thermofisher Scientificc MA USA) supplemented
with 20% heat inactivated fetal bovine serum (FBS) (Thermofisher
Scientificc, MA USA) and 1% penicillin-streptomycin (Thermofisher
Scientific,c, MA USA). Remaining parathyroid tissue pieces were me-
chanically disintegrated and filtered with a cell strainer (70 um, BD
Biosciences, NJ, USA) in 1X PBS (pH 7.4) then supplemented with 5%
heat inactivated FBS and 0.4 uM Dnase I (AppliChem, Gatersleben,
Germany). Subsequently cell suspension was centrifuged at 270 g-forces
for seven minutes at room temperature. The supernatant was removed
and the cells re-suspended in 1 mL of culture medium. The cell viability
was assessed with a Muse™ Cell Analyzer (Merck Millipore, Darmstadt,
Germany) and then the cells were cryogenically stored with 10% DMSO
(AppliChem, Darmstadt, Germany) using a isopropanol-based freezing
container, then stored in the nitrogen tank.

2.3. Immunosuppression treatment

Each recipient received 250 mg methylprednisolone one hour before
the transplantation time. Methylprednisolone was administered at a
dose of 125mg and 60 mg on the second and third day of post-PA re-
spectively, to minimize the host’s reaction.

2.4. Preparation of cells for transplantation

The cells in the nitrogen tank were removed from cryopreservation
and cultivated in 175 cm? T-flasks with AmnioMAX II Complete
Medium and placed in an incubator (ESCO, Singapore) at 37 °C with 5%
CO, humidified atmosphere. After cultivation for approximately
24-30 hours, cells were collected and centrifuged at 270 g-forces for
seven minutes at room temperature. Supernatant were removed and
cell viability was assessed using a Muse Cell Analyzer (Merck Millipore,
Darmstadt, Germany) with a Muse Count & Viability Assay Kit (Merck
Millipore, Darmstadt, Germany). The 50 x 10° parathyroid cells were
re-suspended in each recipient serum and cells were injected into the
left deltoid muscle of the four recipients using a 14-gauge needle.
Wound dressings were applied to the injection sites, and an arm sling
was used to immobilize and rest the deltoid muscles.

2.5. Monitoring after transplantation and statistical analysis

Circulating PTH and calcium levels were measured weekly for 3
months and monthly for one year then followed for four years bian-
nually after transplantation, and all data during the given period were
compared with pre-op values. Unpaired t-test (GraphPad Software, Inc.,
CA, USA) was used for analysis, and p < 0.05 was considered statis-
tically significant.

In addition, PRA changes and de novo post-transplant DSA of the
donor after four years of follow-up were evaluated.

3. Results

All of the recipients were screened for PRA, HLA typing and cross-
match tests before transplantation. Donor and recipient’s were ABO
compatible. The T-FCXM, B-FCXM, and CDC crossmatch tests, as well as
PRA screenings were negative for four recipients before transplantation.

HLA locus matching analysis indicated R#1 HLA-DQB1 was fully
matched, R#2 HLA-A one allele matched, R#3 HLA-B one allele mat-
ched, R#4 HLA-DQB1 one allele matched. HLA matching/mismatching
allele are indicated in Table 1.

According to the analyzes, PTH levels were found statistically sig-
nificant for R#1 and R#2 (p = 0.0005 and p = 0.0004, respectively)
after four years. When we evaluate R#3, no statistically significant was
found after four years (p = 0.2750). Interestingly, during two years of
post-transplantation PTH level was increased for R#4, however after
the second year of transplantation, PTH level is decreased dramatically.
At the end of the year four PTH level could not be detected, and at year
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four was not found statistically significant when compared with pre-op
levels (p = 0.2750).

Recipients were discharged after transplantation from the hospital
without any complications on day 3. Calcium and calcitrol were dis-
continued on post-transplantation day 10 for all recipients. Three re-
cipient’s (R#1, R#2 and R#4) PTH levels were increased at day 10 and
medication ceased steadily and hypocalcemic symptoms diminished.
Although R#3 lowered the current calcium and calcitriol dose to one
half at day 10 even the PTH levels increased rapidly, her symptoms
remained moderate. In addition, R#4 started using her medications to
the pre-transplantation level after three years. Changes in PTH and
calcium levels during the four year follow-up are included in Table 2.

PRA levels at pre-transplantation, two and four years after trans-
plantation were determined and these results are presented in Table 3.
R#4 PRA levels in HLA class I at year two after transplantation were
positive. In addition, R#1 PRA levels in HLA class II at year four after
transplantation were positive. R#2 and R#3 PRA levels remained ne-
gative on subsequent post-transplant monitoring (up to four years).

de novo DSA were evaluated in R#1, R#2, R#3 and positivity was
only detected in R#1 and R#3 at the fourth year (Table 4).

4. Discussion

In the pre-transplant setting, the donor must be compatible with the
recipient. Therefore, monitoring the immune system for HLA typing,
PRA and CXM tests are the major standard screening for graft survival
and even elimination of acute rejection. Another important influence is
immunosuppression type and dosing following transplantation. In
particular, many transplantation cases reported assays for immune
monitoring with their advantages and disadvantages (Sood and Testro,
2014). Monitoring for immune status of a recipient can be broadly di-
vided into two distinct groups; antigen-specific and antigen-non-spe-
cific (Townamchai et al., 2013; Montgomery et al., 2018; Leto Barone
et al., 2013; Sood and Testro, 2014). The donor-specific immune re-
sponse can be determined with antigen-specific screening tests such as
PRA, DSA, Single Antigen Bead (SAB), Mixed Lymphocyte Reaction
(MLR), and the Enzyme-linked ImmunoSpot Assay (ELISPOT)
(Townamchai et al., 2013; Sood and Testro, 2014).

Different transplantations show heterogeneous patterns, thus every
single tissue should be evaluated by itself. In kidney transplantation,
clinically significant HLA antigens are -A, -B, -DR (Khan et al., 2016)
and as a post-transplant biomarker as well; serum creatinine level, PRA,
DSA and renal biopsies are widely used for the detection of circulating
HLAs against donor cells (Townamchai et al., 2013; Khan et al., 2016).
The liver is known as an immunotolerant organ, however in liver
transplantation, rejection rate is 30-40%. Neither recipient's age nor
ABO incompatibility has an effect on liver transplant outcome sig-
nificantly (Wei et al., 2018; Chae et al., 2018). In heart transplantation,
pre-transplant evaluation of ABO compatibility and PRA screening tests
and as a post-transplant determination of rejection endomyocardial
biopsy is the gold standard follow-up test (Mangini et al., 2015). In lung
transplantation, diagnostic criteria of rejection revised in 2016 and
HLA-A and -DR matching, PRA screening, CXM tests and SAB evalua-
tion before transplantation are the most valuable tests as well as during
post-transplantation follow-up (Ju et al., 2018). In order to achieve
higher transplantation success, it is first necessary to have a compatible
donor and recipient by pre- and post- determination of antibody char-
acteristics via immunologic monitoring tests for each graft separately.

In PA, immunologic monitoring has no standard criteria yet. In the
literature, several authors reported different methods to restore para-
thyroid function via transplantation, particularly without im-
munosupression (Barczynski et al., 2017; Nawrot et al., 2007; Yucesan
et al.,, 2017; Aysan et al., 2016a; Aysan et al., 2016b; Agha et al., 2016;
Torregrosa et al., 2005). From a clinical point of view, the side effects of
immunosuppressants are more destructive than the use of medication
for hypoparathyroidism and this is why the use of immunosuppression
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Table 1
Matching/mismatching HLA alleles between donor and four recipient. (HLA: Human Leukocyte Antigens, N/A:Not available).
Class I Class II
HLA-A HLA-B HLA-C HLA-DRB1 HLA-DQB1
Donor A*26 / A*32 B*14 / B*44 C*05 / C*08 DRB1*01 / DRB1*04 DQB1*03 / DQB1*05
Recipient 1 A*02 / A*02 B*51 / B*51 C*07 / C*15 DRB1*11 / DRB1*16 DQB1*03 / DQB1*05
Recipient 2 A*01 / A*32 B*08 / B*57 C*06 / C*07 DRB1*03 / DRB1*03 DQB1*02 / DQB1*02
Recipient 3 A*11 / A*24 B*44 / B*51 C*04 / C*07 DRB1*13 / DRB1*13 DQB1*%06 / DQB1*06
Recipient 4 A*02 / A*68 B*18 / B*51 C*07 / C*15 DRB1*11 / DRB1*11 DQB1*03 / DQB1*03

Table 2

Determination of PTH and calcium levels of each recipient’s throughout four year. PTH and calcium levels shown as pg/mL and mg/dl respectively. (PTH:
Parathormone, pre-PA: before parathyroid allotransplantation, post-PA:after parathyroid allotransplantation).

R#1 R#2 R#3 R#4
PTH Calcium PTH Calcium PTH Calcium PTH Calcium
pre-PA day 0 0.1 12.5 8.8 6.6 0.1 8.3 0.1 9.2
post-PA day 3 4.3 9.5 13.1 6.4 0.1 7 0.01 7.9
day 10 10.2 9 11.2 8.7 3.83 8.4 3.52 10.3
month 1 39.4 8.8 5.9 6.9 5.54 6.4 8.99 7.8
month 2 13.99 9.8 8 7.1 0.1 6.5 9.23 7.3
month 3 20.45 9.2 14.6 6.6 5.68 6.6 11.33 7
year 1 31.5 9 11.39 7.2 7.49 7.5 8 7.3
year 2 43.1 9.1 10.7 6.8 0.9 8.9 9.5 9
year 3 22 9.3 N/A N/A 1.7 7.8 2.5 11.8
year 4 42 9.2 14.4 7.5 0.5 8.9 N/A N/A
Table 3

Comparision of pre-transplantation, post-transplantation (second and fourth year respectively) PRA levels of four recipient’s (HLA: Human Leukocyte Antigen, PRA:

Panel Reactive Antibody, MFI: Median Fluorescence Intensity, N/A: Not available).

Recipient 1 Recipient 2

Recipient 3 Recipient 4

HLA Class I HLA Class II HLA Class I HLA Class II HLA Class I HLA Class II HLA Class I HLA Class II
Pre-transplantation negative negative negative negative negative negative negative negative
Year 2 negative negative N/A N/A N/A N/A B35 (MFI:2476) B46 negative
(MFI:2476) B53 (MFI:2184)
B54 (MFI:917) B58 (MFI:843)
Year 4 negative DQ3 (MFI:866) DR1 (MFI:1321) negative negative negative negative N/A N/A
DR10 (MFI:1504) DR16 (MFI:1284)
DR52 (MFI:1504) DR53 (MFI:1297)
Table 4 cases have been published about patients with a kidney and a para-

Evaluation of post-transplant de novo DSA at year four (HLA: Human Leukocyte
Antigen, DSA:Donor Specific Antibody, MFI: Median Fluorescence Intensity, N/
A: Not available).

DSA
HLA Class I HLA Class II
Recipient 1 negative positive (MFI:1095)
Recipient 2 negative negative
Recipient 3 negative positive
(MFI:540)
Recipient 4 N/A N/A

was ruled out.

Flechner et al., performed a redo-PA between zero-HLA mismatched
deseased donor and a kidney transplant recipient receiving treatment
with immunosuppressants, and during 26 weeks follow-up, the re-
cipient did not experience rejection (Flechner et al., 2010). Another
study reported that simultaneous transplantation with kidney and
healthy parathyroid tissue was maintained successfully and still con-
tinues after four years, with a HLA-haploidentical and ABO compatible
donor. Besides, the recipient was already receiving immunosuppressive
drugs for the kidney transplantation (Garcia-Roca et al., 2016). Several
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thyroid transplanation and therefore it is easy to achieve transplanta-
tion because of receiving immunsupression medication (Torregrosa
et al., 2005; Flechner et al., 2010; Alfrey et al., 1992). In another study,
Yucesan et al. carried out parathyroid transplantation without im-
munsuppression on two unrelated recipients and before transplantation
the PRA MFI value < 2000 and negative CXM results were determined
(Yucesan et al., 2017).

Initial results are encouraging, however we still are unable to de-
termine pre-transplantation, post-transplantation follow-up criteria for
PA. In this study we pre-evaluated matching/mismatching HLA allele,
PRA and CXM tests between ABO compatible, donor and four unrelated
recipients. During post-transplantation, the outcomes of the four re-
cipients with PRA, DSA tests were analyzed.

During the follow-up the PRA level for R#2 and R#3 remained
negative Only for R#1, PRA became positive for HLA class II after four
years. Although MFI is less than 2000 and graft functionality was stable.
On the other hand, R#4’s PRA levels only changed for HLA class I after
two years (MFI < 2500). Surprisingly, R#4 PRA level of HLA class I
positivity was accompanied by the function loss of the graft after two
years of the PA and began her medications. This outcome, particularly
for HLA class I antigens, has been known to cytotoxic activation and
leads the recipient for risk of rejection (Butler et al., 2017). According
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to these results, PRA levels may become positive either for HLA class I
or class II with 20% however this alteration may seem significant only
for HLA class L.

Throughout the post-PA, R#2 was negative for DSA but R#1 and
R#3 were positive for HLA class II. However, even the DSA was positive
for R#1 and she did not experience any rejection. In addition, R#2
remained negative for PRA, DSA and also the allograft was still func-
tioning. Moreover, R#3 had graft dysfunction and continued her
medications after post-PA at year one, despite negative PRA. Also, DSA
was positive after four years and we assumed that this could be the
reason for rejection after one year. Yet we are unable to predict how
harmful DSA will be, further follow-up with other PA recipient’s is re-
quired. Intriguingly, a couple of patients following DSA in solid organ
transplantations did not have any rejection even with the stable DSA
positivity (Townamchai et al., 2013; Montgomery et al., 2018; Garcia
de Mattos Barbosa et al., 2018; Butler et al., 2017). The presence of DSA
is a critical question, in our case R#1 should be followed for the per-
sistancy of DSA.

In conclusion pre-evaluation of compatible donor and recipient for
PA should require PRA, CXM screenings both T, B, and CDC as well.
Concurrently the graft function follow-up should be evaluated with
more cases.
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