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Importance of Non-HLA Antibodies in
Solid Organ Transplantations

Solid Organ Transplantasyonunda
Non-HLA Antikorlarinin Onemi

ABSTRACT The development of surgical techniques and the use of immunosuppressive agents can
increase the lifespan of the graft in organ transplants. Nonetheless, donor specific and non-specific
antibodies produced prior to transplantation cause both acute and chronic rejection and, conse-
quently, graft damage. Non-HLA antibodies have started to attract attention as a result of the ob-
servation of rejections in patients whose cross match test results were negative and didn’t have
antibodies produced against donor specific and HLA panel. It has been determined that non-HLA
antibodies cause both acute and chronic rejections, and may have different effects on the organ
they target. These antibodies were first identified in 1995. Vascular receptors, adhesion molecules
and intermediate filaments are among the targets of non-HLA antibodies. Many studies are avail-
able in literature investigating angiotensin type 1 receptor (AT1R), endothelin type A receptor
(ETAR), collagen-V (Kol-V), K-alpha 1 tubulin (KA1T), perlecan (LG3) C-terminal fragment, as-
sociated with MHC class I polypeptide A and B. In addition, more non-HLA antibody targets can
be identified and organ transplantation and graft survival studies can be developed. In this review,
antigenic targets, treatment strategies and detection methods of non-HLA antibodies will be dis-
cussed.
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OZET Cerrahi tekniklerin gelismesi ve immiinsupresif ajanlarin kullanimi, organ nakillerinde gref-
tin yagam 6mriinii arttirilabilmektedir. Buna ragmen nakil 6ncesinde olusmus donére 6zgii ve 6zgii
olmayan antikorlar nakil sonrasinda hem akut hem de kronik redde ve dolayisiyla greft hasarina
sebep olmaktadir. Hem donore 6zgii hem de belirli bir insan 16kosit antijen (HLA) paneline kars:
iiretilen antikorlari olmayan ve gapraz uyum testleri de negatif olarak belirlenen hastalarda da organ
redlerinin gozlenmesi sonucunda, HLA dig1 antikorlar ilgi cekmeye basglamistir. HLA-dis1 anti-
korlarin hem akut hem de kronik redlere sebep oldugu, hedef aldiklar1 organa gore farkl etkileri-
nin olabilecegi belirlenmigtir. Bu antikorlar ilk olarak 1995 yilinda tespit edilmistir. Vaskiiler
reseptorler, adezyon molekiileri ve ara filamentler HLA dis1 antikorlarinin hedefleri arasindadir.
Angiotensin tip 1 reseptorii (AT1R), endotelin tip A reseptorii (ETAR), kollajen-V (Kol-V), K-alfa
1 tubulin (KA1T), perlekan (LG3) C terminal fragmani, MHC simif I polipeptidi ile iligkili A ve B
antijenlerine kars: tanimlanan antikorlarla ilgili bir¢ok ¢alisma bulunmaktadir. Ayrica daha fazla
HLA dis1 antikor hedefleri belirlenerek, organ nakli ve greft sagkalim ¢aligmalar: gelistirilebilir. Bu
derlemede, HLA dis1 antikorlarin antijenik hedefleri, tedavi stratejileri ve tespit yontemleri tarti-
silacaktir.

Anahtar Kelimeler: Transplantasyon; organ reddi; antikorlar

rgan transplantation is the definitive treatment that can be used in
patients with end-stage kidney damage. However, antibodies gen-
erated by the recipient against human leukocyte antigens (HLA) of
donor are the major risk factor, especially for antibody-mediated acute re-
jection.! Even if the targets of the humoral immune response are mainly
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polymorphic HLA antigens, the investigations have
shown that antibodies produced against non-HLA
antigens also have effect on antibody-mediated re-
jection.” This result was achieved by determining
the presence of increased antibody-mediated re-
jection in the kidney transplant from HLA-identi-
cal siblings. The detection of antibody-mediated
rejection in the absence of donor-specific HLA an-
tibodies has accelerated the research on antibodies
developed against non-HLA antigens after cardiac,
liver and renal transplantations. These antibodies
can be produced against non-polymorphic or non-
allelic proteins. Antibody development against
non-polymorphic targets is due to inflammation,
immunological response to graft, or proteins that
spread to the immune system during graft damage.
Transplanted tissue/organ (graft) microenviron-
ment or rejection can destroy humoral tolerance to
autoantigens.®

The non-HLA antibodies developed against
donor antigens were first identified in 1995.*
Terasaki et al. examined the immunologic and non-
immunological factors involved in graft damage in
HLA-matched and HLA-mismatched renal trans-
plants, and emphasized the importance of clinical
study and identification of non-HLA antibodies.’
Following the first studies Collagen V (Col-V), An-
giotensin type 1 receptor (AT1R), K-alpha 1 tubu-
lin (KA1T), endothelin type A receptor (ETAR),
bioactive C terminal fragment (LG3) of perlecan,
MHC class I chain related protein A (MICA) and B
(MICB) are determined as antigenic targets of non-
HLA antibodies.® Non-HLA antibodies raised
against these targets are usually autoantibodies and
alloantibodies.”

Non-HLA antibodies can play a role in acute
and chronic damage both as a complement fixing
and non-HLA antibodies.® In two preliminary stud-
ies, the independent data were used and graft sur-
detected
lymphocytotoxic antibodies existed before kidney

vival  was to reduce when
transplantation that is performed between HLA-
matched siblings. As a consequence, the impor-
tance of non-HLA immunity is underlined in
chronic rejection.’ Brasile et al. detected anti-en-

dothelial antibodies (AECA) in a patient prior to
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transplantation from his mother and who had hy-
peracute rejection after transplantation. This pa-
tient was later transplanted from cadaver and had
a hyperacute rejection again. Against both donors,
the AECA was determined in the pre-transplant
serum of the recipient. This suggests that these an-
tibodies are important in the pathogenesis of anti-
body mediated rejection (AMR)."°

The aim of this paper is to review the target
antigens, therapeutic strategies and detection
methods of non-HLA antibodies.

I ANGIOTENSIN TYPE | RECEPTOR (AT1R)

The angiotensin type 1 receptor is a G protein-re-
lated receptor which is responsible for the regula-
tion of blood pressure and water-salt balance.
Overexpression of ATIR causes hypertension,
vasoconstriction and vascular smooth muscle mi-
gration.” AT1R antibodies can bind to the AT1R
molecules of the other organs of the recipient in
addition to graft. This binding activates various cell
signalling pathways as ERK signalling."" Antibodies
against AT1R were first described in preeclamptic
pregnancies.” In another study, these antibodies
were identified as graft failure and acute rejection
risk factors in renal transplantation.'? It was re-
ported that these antibodies can cause cell prolif-
eration and vascular damage of kidney, increased
levels of AT1R antibodies were detected in steroid
refractory vascular rejection.”’ Banaisk et al eval-
uated the effect of non-HLA antibodies on kidney
allograft by testing AT1R antibodies of 65 renal
transplanted patients. The patient’s CDC-XM re-
sults were detected negative.'* It was reported that
high-level AT1R antibodies may be related to en-
hanced graft loss. In this study Lee et al tested 12
renal transplanted patients who had no donor spe-
cific antibodies.”® Dragun et al. have shown that an-
tibodies binding to AT1R can mimic the behaviour
of angiotensin Il and induce endothelial and
smooth muscle cell degeneration.”

Rejection is not seen in all renal recipients
with AT1R antibody. Therefore it was thought that
rejection can be influenced by additional cofactors
like environmental conditions.” By detecting pre-
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transplant AT1R antibodies, the risk for AT1R re-
lated AMR can be eliminated.

| COLLAGEN AND K-ALPHA 1 TUBULIN
(KA1T) ANTIBODIES

Collagen is a fibrous protein found in multicellular
animals. They are the basic components of the skin
and bones. It is secreted in high amounts in con-
nective tissue cells and in very small amounts in
other cell types. Approximately 40 collagen types
have been described.'® Collagen V is found in the
epithelium of the trachea. After an injury of the
lung, antigenic fragments of the collagen V releases
and thus become a target for the T lymphocytes.
After autoantibody production the transplant can
be rejected.'” Collagen IV is mainly found in
glomerular extracellular matrix.'® Angaswamy et
al. showed the interaction between the transplant
glomerulopathy and collagen IV and fibronectin
antibodies.'’ Collagen antibodies have also been de-
tected in cardiac transplant recipients. The deve-
lopment of collagen V antibodies in AMR patients
and the correlation between them and DSA were
noted.’

KAIT is a cytoskeletal intermediate filament
protein and also expressed in respiratory epithelial
cells. It was first discovered as a result of inducing
the humoral response in lung transplants. Hachem
et al detected KA1T and collagen V antibodies in
108 lung transplanted patients by ELISA method.
According to their results, while 89% had antibod-
ies to both K-a 1 tubulin and collagen V, 10% had
antibodies only to K-« 1 tubulin, and 1% had anti-
bodies only to collagen V. These antibodies can be
a risk for bronchiolitis obliterans syndrome (BOS)
and initiates the chronic allograft rejection process.
It was also showed that a successful antibody de-
pletion can decrease this risk.”’ Golocheikine et al.
worked with 22 lung transplanted patients and an-
alyzed the serum samples for the presence of colla-
gen V and KAIT antibodies. The prevalence of
DSA was detected more in non-HLA antibody pos-
itive group than negative group. Their findings also
supported the results of the other studies in which
KAI1T antibodies can increase the BOS.?! Immu-
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nization against major histocompatibility complex
(MHC) class I antigens in pulmonary transplanted
mice models has been shown to induce K-alphal
tubulin and anti-collagen antibody responses to
collagen.” The attachment of the pitched tubular
epithelium of these antibodies results in an increase
in the activation of the cell cycle signal, and fibro-
proliferation. Additionally the expression of fibro-
genic growth factors also increase and all these
events can cause BOS.”

I ANTI-LG3 ANTIBODIES

Perlecan is one of the largest proteoglycans which
consists of about 500 kDa core protein and each
side chain of 65 kDa. The core protein is composed
of many structural regions and provides biofunc-
tional diversity of perlecan.’ Proteoglycans are
particularly involved in morphogenesis and tissue
remodelling processes.” It is one of the major com-
ponents on the surfaces of vascular membranes.?
LG-3 is the C-terminal fragment of the perlecan.”
Pilon et al. showed the increased circulatory and
urinary LG3 levels in mice with renal dysfunction,
acute rejection and chronic vascular injury.? Ri-
esco et al. studied with 11 hypersensitized kidney
transplantation patients and LG3 antibodies were
detected in 52% of them. Four out of 11 patients
presented AMR and LG3 antibodies. The authors
reported that detection of the non-HLA antibodies
can decrease the risk of humoral rejection.”

Cardinal et al. compared acute vascular injury
and acute tubule interstitial rejection. According to
their results increasing levels of anti-LG3 titers
were associated with acute vascular rejection. Their
data showed that anti-LG3 antibodies are the ele-
vators of immune-mediated vascular injury.*
However Padet et al. observed no association be-
tween the LG3 antibody levels and transplantation
outcomes.’’ Therefore further studies with larger
samples are needed to evaluate LG3 antibody lev-
els and transplantation outcomes.

I MIC ANTIBODIES

MHC class I related chain A (MICA) and MHC
class I related chain B (MICB) are important non-
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HLA antibody target molecules. The MICA and
MICB genes are localized to the HLA-B locus and
encodes 62-kDa cell surface proteins.*>* They have
similar homology to HLA class I molecules. Many
cell types, including endothelial cells and monocytes,
express MICA (except lymphocytes).** MICA anti-
bodies have been identified in acute renal and car-
diac allograft rejections.*® In particular, MICA
expression is induced in T lymphocytes by cytokines
such as IL-2, IL-4 and IL-15. Li et al. noted that a cy-
tokine storm occurred during the rejection challenge
in the inflamed graft and MICA expression was in-
duced on the surface of the infiltrating lymphocytes.
This group determined that MICA antibody levels
were much higher in humoral rejections than in cel-
lular rejections. Mizutani et al. reported increased
levels of MICA and MICB antibodies in serum sam-
ples from patients with renal allograft rejection.
They were produced in patients who had rejection
episode more than the patients with stable grafts
function.* Terasaki et al reported a close association
between MICA antibodies and chronic renal rejec-
tion.*” There are studies on the importance of these
antibodies in heart transplants.*

As shown above, studies mainly focused on
MICA antibodies. This could be because of un-
known mechanism of MICB antibodies and MICB
expression and effect on transplantation outcomes.
Further studies are needed to highlight the role of
MICB antibody in transplantation.

I ANTI-VIMENTIN, ANTI-MYOSIN ANTIBODIES

Vimentin is an intermediate filament protein found
in mesenchymal originated cells.*® Like other in-
termediate filament proteins, vimentin also plays a
role in the stabilization of the structure of the cy-
toplasm. It has been determined that mouse mo-
dels that have no vimentin expression had a nor-
mal phenotype, however in some special cases the
absence of vimentin causes phenotypic abnormal-
ities. This suggests that vimentin has an important
function in dynamic cellular processes.*

It is expressed in the cytosol of mature leuko-
cytes, in fibroblasts, on the surface of apoptotic T
cells and neutrophils, and in endothelial cells. Au-
toantibodies against vimentin are produced in au-

339

toimmune diseases such as lupus and rheumatoid
arthritis.** However in solid organ transplantation
vimentin antibodies has been also detected. Vi-
mentin is not expressed by adult cardiomyocytes
and healthy kidney tubular cells. However during
rejection some tubular epithelial cells can express
vimentin.*

These antibodies were first identified in 2001
as anti-vimentin antibodies of the IgM type in
heart transplant patients.® Vimentin is expressed
in high levels in intima and coronary arteries. High
titres of anti-vimentin antibodies are observed in
cardiac transplant recipients with chronic arterial
vasculopathy.® Whether this relationship is inde-
pendent of HLA sensitization is unclear.?

Lopez-Soler et al showed the association be-
tween anti-vimentin antibodies and interstitial fib-
rosis-tubular atropy (IFTA) in 97 renal transplanted
patients by using Luminex method. They detected
that increasing levels of vimentin antibodies (>15
ug/ml) can be a risk of elevated levels of IFTA and
graft loss.*! On the other hand, Gunasekaran et al
studied with 24 patients who had biopsy-proven
transplant gromerulopathy after kidney transplanta-
tion. They observed increased levels of anti-vimentin
antibodies of IgG isotypes in TG patients, while in
stable kidney transplanted patients anti-vimentin
IgM isotype was detected. Therefore it can be sug-
gested that the isotype switching of anti-vimentin
antibodies can affect the transplantation outcome.*

Carter et al. investigated the presence of anti-
vimentin antibodies in 51 kidney transplanted pa-
tients who had graft loss. Interestingly they’'ve
noticed that the patients who was HLA-DQ2 posi-
tive, form more vimentin antibodies than negatives
(p=<0.001). Also they investigated the association
between vimentin antibodies and cytokine pro-
duction and they found that while in stable condi-
tions vimentin can regulate the immune response,
vimentin can activate Th-2 immunity if there is a

condition that activates immune response.*

Myosin is an intracellular protein which has a
coiled alpha-helix conformation, located in atrial
myocytes, ventricular myocytes and skeletal mus-
cle fibers. The association of anti-myosin antibod-
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ies and several heart diseases has been described.*
O’Donohoe et al described the anti- myosin anti-
bodies in 43 patients with myocardial infarction.
They’ve noticed that anti-myosin antibodies are
formed in patients following myocardial infarction
and IgG levels persist beyond 6 months.* Studies
have shown that T cells of the recipient recognizes
cardiac myosin proteins and induces cardiac allo-
graft rejections in the absence of alloimmune re-
sponse to MHC class II molecules.® It has been
determined that the life span of anti-myosin anti-
bodies seen before the onset of the disease is less
than 2 years in heart transplanted patients.*

J MINOR TISSUE COMPATIBILITY
ANTIBODIES (MIHA)

Genes that are not associated with MHC and cause
a slower rejection are called minor tissue compati-
bility genes. The first hypothesis on the relation-
ship between the results of the MiHA in bone
marrow transplants was suggested in female pa-
tient who had been transferred from his brother.
Peripheral bloodstream cytotoxic T cells were
isolated, which were found to be counteracted by
antigens presented in HLA-unrelated donor
cells.*

MiHAs are polymorphic peptides of 9-12
amino acids. MiHAs that bind to the antigen bind-
ing site of HLA-class I or II molecules are recog-
nized by T lymphocytes. Thus, it has been
determined that MiHAs are specific for HLA anti-
gens.” Differences between MiHAs are the result
of amino acid polymorphisms, gene deletions or
many intracellular mechanisms. The MiHA diver-
sity recognized by the TCR can result from single
or multiple amino acids.*®

MiHAs expressed by normal recipient tissues
become the target of donor T cells. This immuno-
logical response causes graft-versus-host-disease
(GVHD) and post-transplant mortality. Recent
studies have shown that MiHAs are expressed in
hematopoietic tumor cells. When donor T cells tar-
get MiHAs expressed in leukemia cells, autoimmu-
nity causes graft versus leukemia (GVL) and after
transplantation malign cells can be killed.*
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Minor HLAs are well-defined in HLA-identic
stem cell transplantations. However, the effect is
not completely known in solid organ transplanta-
tions.”

I DETECTION METHODS OF NON-HLA
ANTIBODIES

After the description of the first lymphocytotoxic-
ity assay by Patel and Terasaki in 1969, high
throughput methods were developed to increase
sensitivity and specificity. The sensitivity of these
methods varies and can affect the interpretation of
the results. The clinical consequences of sensitiza-
tion to non-HLA antibodies cannot be determined
well because non-HLA targets cannot be identified
sufficiently. To increase the studies on non-HLA
antibodies, screening and identification methods
should be developed. It was shown that antigens
expressed mainly on endothelial and epithelial cells
are the primary target of humoral responses in
organ transplantation. Insufficient standardized
protocols limit the crossmatch tests in which en-
dothelial cells are used. Different assays have been
used to detect and identify anti-endothelial cell an-
tibodies as complement dependent crossmatch,
flow cytometry and immunofluorescence. These
methods had different sensitivity, specificity and
can detect distinct immunoglobulin types.”! As a
source of donor antigens endothelial cells are diffi-
cult to isolate. Therefore a new technique called
XM-ONE was developed that depends on the iso-
lation of the endothelial cell precursors from pe-
ripheral blood. In the same assay the antibodies
against T and B lymphocytes, and endothelial cells
can be tested.*

IgG from patient sera can be used for the iden-
tification of AECA by immunoblotting.>® Other-
wise by using immunoblotting, there are several
studies that identify non-HLA targets as vimentin,
ATIR, tubulin, myosin, collagen.®*7543

Carter et al. tested vimentin antibodies in 44%
of the patients that had graft failure by flow cy-
tometry assay in which recombinant vimentin was
bound to polystyrene microspheres.*’ Fhied et al.
developed a bead-based immunoassay using Lu-
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minex technology. The data presented in this
study demonstrates by using this method and per-
forming epitope mapping antibodies can be de-
More
investigations should be done for the clinical val-

tected in different disease conditions.

idation of the assay.”’ Riesco et al. assessed anti-
MICA and anti-perlecan antibodies by Luminex
method in serum samples while AT1R antibodies
were analysed by ELISA since it was not included
in Luminex assay.>®

Dragun et al. used a sandwich ELISA for de-
tection of AT1R-Abs in serum to detect antibody
mediated rejection.® O’Donohoe also used ELISA
to detect anti-myosin antibodies in patients with
myocardial infarction.* Lemy and Cox tested
MICA specificity by using LUMINEX LSA-MIC
assay. They evaluated that immunosuppressive
therapy could affect the MICA antibody levels and
the harmful effect.®® Therefore it has been seen ob-
viously that immunosuppressive treatment could
have an impact on the test results.

I THERAPEUTIC STRATEGIES

Standardized therapy for the treatment of the
non-HLA antibody-related rejections may vary
and in general specific to the clinical protocols.
The aim of the therapy is removing antibodies and
decreasing the level in circulation. However, the
results of the therapies are not certain. Data is
limited to case reports and randomized therapies
were trying to investigate for a longer patient sur-
vival and to prevent graft failure. Various thera-
pies were reported for the treatment of AT1R-
mediated AMR. The combination of AT1R antag-
onists, plasmapheresis, intravenous immunoglob-
ulin (IVIG) was reported in several studies.®! "%
Jobert et al. used corticosteroids, anti-thymocyte
globulins, plasmapheresis and oral candesartan
and had successful results on ATIR antibodies.**
Bortezomib which is a proteasome inhibitor and
plays an important role in apoptosis of plasma cells
was found to be effective on AT1IR antibodies.
However it was reported that it has short-term ef-
fect. Therefore it is mainly effective on early-onset
AMR than late-onset AMR.® In another study,
plasmapheresis, IVIG and rituximab were used in
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anti-MICA antibody treatment in a renal trans-
plant patient and three fold decrease of MICA
mean fluorescence intense (MFI) levels was de-
tected.®® Scornik et al. estimated that de novo
formed AT1R antibodies in patients who received
ATI1R blockers or ACE inhibitors with combina-
tion of tacrolimus, Mycophenolate mofetil (MMF)
and steroids were detected not to develop features
of ATIR antibody related pathology.®” MMF was
also found effective on anti-vimentin antibodies
in a study which includes 86 patients. When the
authors compared the use of MMF instead of aza-
thioprine, less antibody levels were detected by
using MMF.% More studies on targeted therapies
for non-HLA antibodies in different solid organ
transplantations can lead to a standardized treat-
ment protocol.

I CONCLUSION

Antibodies against HLA antigens are known to
cause many problems in organ transplants, such as
acute and chronic rejections resulting in the loss of
the organ. There are also many studies on treat-
ment strategies applied to prevent these problems.
However, non-HLA antibodies have begun to at-
tract interest as a result of observation of organ re-
jections in patients who have negative cross-match
test results. It has been determined that non-HLA
antibodies also cause both acute and chronic rejec-
tions and may have different effects depending on
the organ they target. The response of non-HLA
antibodies to treatment strategies applied to trans-
plant patients has not been fully determined. The
studies continue to identify the pathogenicity and
immunological mechanisms of non-HLA antibod-
ies with modern genomic and proteomic platforms
used in the identification of antibody repertoires.
It is expected that the results of these studies will
contribute to the development of new treatment
strategies and to the extension of graft survival after
transplantation.

Source of Finance

During this study, no financial or spiritual support was re-
ceived neither from any pharmaceutical company that has a

direct connection with the research subject, nor from a com-



Burcu GERCI et al.

Turkiye Klinikleri ] Med Sci. 2019;39(3):336-44

pany that provides or produces medical instruments and ma-
terials which may negatively affect the evaluation process of
this study.

Conflict of Interest

No conflicts of interest between the authors and / or family
members of the scientific and medical committee members or
members of the potential conflicts of interest, counseling, ex-
pertise, working conditions, share holding and similar situa-

tions in any firm.

Authorship Contributions

Idea/Concept: Mustafa Soy6z, Tiilay Kiligaslan Ayna, Ibrahim
Pirim; Design: Mustafa Soyéz, Tiilay Kilicaslan Ayna; Con-
trol/Supervision: Mustafa Soyéz, Tiilay Kilicaslan Ayna; Data
Collection and/or Processing: Burcu Ger¢i, Mustafa Soyoz;
Analysis and/or Interpretation: Burcu Cerg¢i, Mustafa Soyo6z;
Literature Review: Burcu Cer¢i; Writing the Article: Burcu
Cergi, Mustafa Soyéz; Critical Review: Mustafa Soy6z, Tiilay
Kiligaslan Ayna; References and Fundings: [brahim Pirim; Ma-
terials: Mustafa Soy6z, Tiilay Kilicaslan Ayna.

I REFERENCES
Michielsen LA, van Zuilen AD, Krebber MM, 9. Zhang Q, Reed EF. The importance of non-  16. Alberts B, Johnson A, Lewis J, Morgan D, Raff
Verhaar MC, Otten HG. Clinical value of non- HLA antibodies in transplantation. Nat Rev M, Roberts K, et al. The innate and adaptive
HLA antibodies in kidney transplantation: still Nephrol.  2016;12(8):484-95.  [Crossref] immune systems. Molecular Biology of the
an enigma? Transplant Rev (Orlando). [PubMed] [PMC] Cell. 6th ed. New York: Garland Science, Tay-
2016;30(4):195-202. [Crossref] [PubMed] 10. Brasile L, Rodman E, Shield CF 3rd, Clarke J, lor & Francis Group; 2015. p.1297-347.
Wiwattanathum P, Ingsathit A, Tham- Cerilli J. The association of antivascular en- [Crossref]
manichanond D, Worawichawong S. Suc- dothelial cell antibody with hyperacute rejec- 17, Yoshida S, Haque A, Mizobuchi T, Iwata T,
cessful treatment of anti-angiotensin Il type 1 tion: a case report. Surgery. 1986;99(5): Chiyo M, Webb T, et al. Anti-type V collagen
receptor antibody-associated rejection in kid- 637-40. lymphocytes that express IL-17 and IL-23 in-
ney transplantation: a case report. Transplant 41 zhang Z, LiM, Lu R, Alioua A, Stefani E, Toro duce rejection pathology in fresh and well-
Proc. 2018;50(3):877-80. [Crossref] [PubMed] L. The angiotensin Il type 1 receptor (AT1R) healed lung transplants. Am J Transplant.
Valenzuela NM, Reed EF. Antibodies in trans- closely interacts with large conductance volt- 2006;6(4):724-35. [Crossref] [PubMed]
plantation: the effects of HLA and non-HLA age- and Ca2+-activated K+ (BK) channels  18. WuP,RenY,MaY, Wang Y, Jiang H, Chaud-
antibody binding and mechanisms of injury. In: and inhibits their activity independent of G- hari S, et al. Negative regulation of Smad1
Zachary AA, Leffell MS, eds. Transplantation protein activation. J Biol Chem. 2014;289(37): pathway and collagen IV expression by store-
Immunology Methods and Protocols. 2™ ed. 25678-89. [Crossref] [PubMed] [PMC] operated Ca2+ entry in glomerular mesangial
New York: Humana Press; 2013. p-41-71. 45 | jm MA, Palmer M, Trofe-Clark J, Bloom RD, cells. Am J Physiol Renal Physiol. 2017;
[Crossref] [PubMed] [PMC] Jackson A, Philogene MC, et al. Histopatho- 312(6):F1090-F100. [Crossref] [PubMed]
Sigdel TK, Sarwal MM. Moving beyond HLA: logic changes in anti-angiotensin Il type 1 re- [PMC]
a review of nHLA antibodies in organ trans- ceptor antibody-positive kidney transplant 19, Angaswamy N, Klein C, Tiriveedhi V, Gaut J,
plantation. Hum Immunol. 2013;74(11):1486- recipients with acute rejection and no donor Anwar S, Rossi A, et al. Inmune responses to
90. [Crossref] [PubMed] [PMC] specific HLA antibodies. Hum Immunol. collagen-IV and fibronectin in renal transplant
Terasaki P, Ozawa M, Castro R. Four-year 2017;78(4):350-6. [Crossref] [PubMed] recipients with transplant glomerulopathy. Am
follow-up of a prospective trial of HLA and 13, Lee J, Park Y, Kim BS, Lee JG, Kim HJ, Kim J Transplant. 2014;14(3):685-93. [Crossref]
MICA antibodies on kidney graft survival. Am YS, et al. Clinical implications of angiotensin Il [PubMed]
J Transplant. 2007;7(2):408-15. [Crossref] type 1 receptor antibodies in antibody-medi-  20. Hachem RR, Tiriveedhi V, Patterson GA,
[PubMed] ated rejection without detectable donor- Aloush A, Trulock EP, Mohanakumar T. Anti-
Reinsmoen NL, Lai CH, Heidecke H, Haas M, specific HLA antibodies after renal transplan- bodies to K- a 1 tubulin and collagen v are as-
Cao K, Ong G, et al. Anti-angiotensin type 1 tation. Transplant Proc. 2015;47(3):649-52. sociated with chronic rejection after lung
receptor antibodies associated with antibody [Crossref] [PubMed] transplantation. Am J Transplant. 2012;12(8):
mediated rejection in donor HLA antibody neg- 14, Banasik M, Boratfiyska M, Koscielska- 2164-71. [Crossref] [PubMed] [PMC]
ative patients. Transplantation. 2010;90(12): Kasprzak K, Kaminska D, Zmonarski S,  21. Golocheikine A, Nath DS, Basha HI, Saini D,
1473-7. [Crossref] [PubMed] Mazanowska O, et al. Non-HLA antibodies: Phelan D, Aloush A, et al. Increased erythro-
Dragun D, Catar R, Philippe A. Non-HLA an- angiotensin Il type 1 receptor (Anti-AT1R) cyte c4d 1s associated with known alloanti-
tibodies against endothelial targets bridging and endothelin-1 type a receptor (anti-ETAR) body and autoantibody markers of antibody
allo-and autoimmunity. Kidney Int. 2016;90(2): are associated with renal allograft injury and mediated rejection in human lung transplant
280-8. [Crossref] [PubMed] graft loss. Transplant Proc. 2014;26(21): recipients. J Heart Lung Transplant.
Banasik M, Jabtecki J, Boratyfiska M, 2618-21. [Crossref] [PubMed] 2010;29(4):410-6. [Crossref] [PubMed] [PMC]
Kaminska D, Koscielska-Kasprzak K, Bar-  15. Dragun D, Catar R, Philippe A. Non-HLA an- 22, Delville M, Charreau B, Rabant M, Legendre

toszek D, et al. Humoral immunity in hand
transplantation: anti-HLA and non-HLA re-
sponse. Hum Immunol. 2014;75(8):859-62.
[Crossref] [PubMed]

tibodies in solid organ transplantation: recent
concepts and clinical relevance. Curr Opin
Organ Transplant. 2013;18(4):430-5. [Crossref]
[PubMed]

342

C, Anglicheau D. Pathogenesis of non-HLA
antibodies in solid organ transplantation:
where do we stand? Hum Immunol. 2016;
77(11):1055-62. [Crossref] [PubMed]


https://www.ncbi.nlm.nih.gov/pubmed/27237040
https://doi.org/10.1016/j.humimm.2016.05.021
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2846200
https://www.ncbi.nlm.nih.gov/pubmed/20022265
https://doi.org/10.1016/j.healun.2009.10.003
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3409301
https://www.ncbi.nlm.nih.gov/pubmed/22568593
https://doi.org/10.1111/j.1600-6143.2012.04079.x
https://www.ncbi.nlm.nih.gov/pubmed/24410875
https://doi.org/10.1111/ajt.12592
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5495888
https://www.ncbi.nlm.nih.gov/pubmed/28298362
https://doi.org/10.1152/ajprenal.00642.2016
https://www.ncbi.nlm.nih.gov/pubmed/16539629
https://doi.org/10.1111/j.1600-6143.2006.01236.x
https://doi.org/10.1201/9781315735368-24
https://www.ncbi.nlm.nih.gov/pubmed/23838648
https://doi.org/10.1097/MOT.0b013e3283636e55
https://www.ncbi.nlm.nih.gov/pubmed/25380879
https://doi.org/10.1016/j.transproceed.2014.09.029
https://www.ncbi.nlm.nih.gov/pubmed/25891704
https://doi.org/10.1016/j.transproceed.2014.11.055
https://www.ncbi.nlm.nih.gov/pubmed/28284829
https://doi.org/10.1016/j.humimm.2017.03.004
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4162171
https://www.ncbi.nlm.nih.gov/pubmed/25070892
https://doi.org/10.1074/jbc.M114.595603
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5669045
https://www.ncbi.nlm.nih.gov/pubmed/27345243
https://doi.org/10.1038/nrneph.2016.88
https://www.ncbi.nlm.nih.gov/pubmed/24952209
https://doi.org/10.1016/j.humimm.2014.06.010
https://www.ncbi.nlm.nih.gov/pubmed/27188505
https://doi.org/10.1016/j.kint.2016.03.019
https://www.ncbi.nlm.nih.gov/pubmed/21030904
https://doi.org/10.1097/TP.0b013e3181fd97f1
https://www.ncbi.nlm.nih.gov/pubmed/17229080
https://doi.org/10.1111/j.1600-6143.2006.01644.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5221517
https://www.ncbi.nlm.nih.gov/pubmed/23876683
https://doi.org/10.1016/j.humimm.2013.07.001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3879955
https://www.ncbi.nlm.nih.gov/pubmed/23775730
https://doi.org/10.1007/978-1-62703-493-7_2
https://www.ncbi.nlm.nih.gov/pubmed/29331505
https://doi.org/10.1016/j.transproceed.2017.11.027
https://www.ncbi.nlm.nih.gov/pubmed/27395083
https://doi.org/10.1016/j.trre.2016.06.001

Burcu GERCI et al.

Turkiye Klinikleri ] Med Sci. 2019;39(3):336-44

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Sigdel TK, Sarwal MM. Moving beyond HLA:
a review of nHLA antibodies in organ trans-
plantation. Hum Immunol. 2013;74(11):1486-
90. [Crossref] [PubMed] [PMC]

Gubbiotti MA, Neill T, lozzo RV. A current view
of perlecan in physiology and pathology: a mo-
saic of functions. Matrix Biol. 2016;57-58:285-
98. [Crossref] [PubMed] [PMC]

Katta K, Boersema M, Adepu S, Rienstra H,
Celie JWAM, Mencke R, et al. Renal heparan
sulfate proteoglycans modulate fibroblast
growth factor 2 signaling in experimental
chronic transplant dysfunction. Am J Pathol.
2013;183(5):1571-84. [Crossref] [PubMed]

Celie JW, Rutjes NW, Keuning ED, Soininen
R, Heljasvaara R, Pihlajaniemi T, et al. Suben-
dothelial heparan sulfate proteoglycans
become major L-selectin and monocyte
chemoattractant protein-1 ligands upon renal
ischemia/reperfusion.  Am J  Pathol.
2007;170(6):1865-78. [Crossref] [PubMed]
[PMC]

Honger G, Cardinal H, Dieudé M, Buser A,
Hasli I, Dragun D, et al. Human pregnancy
and generation of anti-angiotensin receptor
and anti-perlecan antibodies. Transpl Int.
2014;27(5):467-74. [Crossref] [PubMed]

Pilon EA, Dieudé M, Qi S, Hamelin K, Pomer-
leau L, Beillevaire D, et al. The perlecan frag-
ment LG3 regulates homing of mesenchymal
stem cells and neointima formation during vas-
cular rejection. Am J Transplant. 2015;15(5):
1205-18. [Crossref] [PubMed)]

Riesco L, Irure J, Rodrigo E, Guiral S, Ruiz
JC, Gémez J, et al. Anti-perlecan antibodies
and acute humoral rejection in hypersensitized
patients without forbidden HLA specificities
after kidney transplantation. Transpl Immunol.
2019;52:53-6. [Crossref] [PubMed]

Cardinal H, Dieudé M, Brassard N, Qi S,
Patey N, Soulez M, et al. Antiperlecan anti-
bodies are novel accelerators of immune-me-
diated vascular injury. Am J Transplant.
2013;13(4):861-74. [Crossref] [PubMed)]

Padet L, Dieudé M, Karakeussian-Rimbaud A,
Yang, B, Turgeon J, Cailhier JF, et al. New in-
sights into immune mechanisms of antiper-
lecan/LG3 antibody production: importance of
T cells and innate B1 cells. Am J Transplant.
2019;19(3):699-712. [Crossref] [PubMed]
[PMC]

Sumitran-Holgersson S. Relevance of MICA
and other non-HLA antibodies in clinical trans-
plantation. Curr Opin Immunol. 2008;20(5):
607-13. [Crossref] [PubMed]

Panigrahi A, Gupta N, Siddiqui JA, Margoob
A, Bhowmik D, Guleria S, et al. Post transplant
development of MICA and anti-HLA antibodies
is associated with acute rejection episodes
and renal allograft loss. Hum Immunol.
2007;68(5):362-7. [Crossref] [PubMed]

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Zwirner NW, Marcos CY, Mirbaha F, Zou Y,
Stastny P. Identification of MICA as a new
polymorphic alloantigen recognized by anti-
bodies in sera of organ transplant recipients.
Hum Immunol. 2000;61(9):917-24. [Crossref]

LiL, Chen A, Chaudhuri A, Kambham N, Sigdel
T, Chen R, et al. Compartmental localization and
clinical relevance of MICA antibodies after renal
transplantation. Transplantation. 2010;89(3):
312-9. [Crossref] [PubMed] [PMC]

Mizutani K, Terasaki PI, Shih RN, Pei R,
Ozawa M, Lee J. Frequency of MIC antibody
in rejected renal transplant patients without
HLA antibody. Hum Immunol. 2006;67(3):223-
9. [Crossref] [PubMed]

Terasaki Pl, Ozawa M, Castro R. Four-year
follow-up of a prospective trial of HLA and
MICA antibodies on kidney graft survival. Am
J Transplant. 2007;7(2):408-15. [Crossref]
[PubMed]

Rose ML. Role of anti-vimentin antibodies in
allograft rejection. Hum Immunol. 2013;74
(11):1459-62. [Crossref] [PubMed] [PMC]

Mor-Vaknin N, Punturieri A, Sitwala K,
Markovitz DM. Vimentin is secreted by acti-
vated macrophages. Nat Cell Biol.
2003;5(1):59-63. [Crossref] [PubMed]

Carter V, Shenton BK, Jaques B, Turner D,
Talbot D, Gupta A, et al. Vimentin antibodies:
a non-HLA antibody as a potential risk factor
in renal transplantation. Transplant Proc.
2005;37(2):654-7. [Crossref] [PubMed]

Lopez-Soler RI, Borgia JA, Kanangat S, Fhied
CL, Conti DJ, Constantino D, et al. Anti-
vimentin antibodies present at the time of
transplantation may predict early development
of interstitial fibrosis/tubular atrophy. Trans-
plant Proc. 2016;48(6):2023-33. [Crossref]
[PubMed]

Gunasekaran M, Maw TT, Santos RD,
Shenoy S, Wellen J, Mohanakumar T. Im-
munoglobulin isotype switching of antibodies
to vimentin is associated with development of
transplant glomerulopathy following human
renal transplantation. Transplant Immunol.
2017;45:42-7. [Crossref] [PubMed]

Carter V, Howell WM. Vimentin antibody pro-
duction in transplant patients and im-
munomodulatory effects of vimentin in-vitro.
Hum Immunol. 2013;74(11):1463-9. [Crossref]
[PubMed]

O’Donohoe TJ, Schrale RG, Ketheesan N.
The role of anti-myosin antibodies in perpetu-
ating cardiac damage following myocardial in-
farction. Int J Cardiol. 2016;209:226-33.
[Crossref] [PubMed]

O’Donohoe TJ, Schrale RG, Sikder S, Surve
N, Rudd D, Ketheesan N. Significance of anti-
myosin antibody formation in patients with
myocardial infarction: a prospective observa-
tional study. Heart Lung Circ. 2019;28(4):583-
90. [Crossref] [PubMed]

343

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Nath DS, llias Basha H, Tiriveedhi V, Alur C,
Phelan D, Ewald GA, et al. Characterization
of immune responses to cardiac self- antigens
myosin and vimentin in human cardiac allo-
graft recipients with antibody-mediated rejec-
tion and cardiac allograft vasculopathy. J
Heart Lung Transplant. 2010;29(11):1277-85.
[Crossref] [PubMed] [PMC]

Morgun A, Shulzhenko N, Unterkircher CS,
Diniz RV, Pereira AB, Silva MS, et al. Pre-and
post-trasnplant anti myosin and anti-heat
shock protein antibodies and cardiac trans-
plant. J Heart Lung Transplant. 2004;
2498(3):204-9. [Crossref]

Dzierzak-Mietla M, Markiewicz M, Siekiera U,
Mizia S, Koclega A, Zielinska P, et al. Occur-
rence and impact of minor histocompatibility
antigens’ disparities on outcomes of hematopoi-
etic stem cell transplantation from HLA-
matched sibling donors. Bone Marrow Res.
2012;2012:257086. [Crossref] [PubMed] [PMC]

Miklos DB, Kim HT, Miller KH, Guo L, Zorn E,
Lee SJ, et al. Antibody responses to H-Y
minor histocompatibility antigens correlate
with chronic graft-versus-host disease and dis-
ease remission. Blood. 2005;105(7):2973-8.
[Crossref] [PubMed] [PMC]

Dierselhuis M, Goulmy E. The relevance of
minor histocompatibility antigens in solid
organ transplantation. Curr Opin Organ Trans-
plant. 2009;14(4):419-25. [Crossref] [PubMed]

Tait BD, Suisal C, Gebel HM, Nickerson PW,
Zachary AA, Claas FH, et al. Consensus
guidelines on the testing and clinical manage-
ment issues associated with HLA and
non-HLA antibodies in transplantation. Trans-
plantation.  2013;95(1):19-47.  [Crosstref]
[PubMed]

Zitzner JR, Shah S, Jie C, Wegner W, Tam-
bur AR, Friedewald JJ. A prospective study
evaluating the role of donor-specific anti-en-
dothelial crossmatch (XM-ONE assay) in pre-
dicting living donor kidney transplant outcome.
Hum Immunol. 2013;74(11):1431-6. [Crossref]
[PubMed]

Dib H, Tamby MC, Bussone G, Regent A,
Berezné A, Lafine C, et al. Targets of anti-en-
dothelial cell antibodies in pulmonary hyper-
tension and scleroderma. Eur Respir J.
2012;39(6):1405-14. [Crossref] [PubMed]

Barber LD, Whitelegg A, Madrigal JA, Banner
NR, Rose ML. Detection of vimentin- specific
autoreactive CD8+ T cells in cardiac trans-
plant patients. Transplantation. 2004;77(10):
1604-9. [Crossref] [PubMed]

Nath DS, Tiriveedhi V, Basha Hl, Phelan D,
Moazami N, Ewald GA, et al. A role for
antibodies to human leukocyte antigens, col-
lagen-V, and K-alphai-tubulin in antibody-
mediated rejection and cardiac allograft
vasculopathy. Transplantation. 2011;91(9):
1036-43. [Crossref] [PubMed] [PMC]


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3722875
https://www.ncbi.nlm.nih.gov/pubmed/21383658
https://doi.org/10.1097/TP.0b013e318211d2f4
https://www.ncbi.nlm.nih.gov/pubmed/15239629
https://doi.org/10.1097/01.TP.0000129068.03900.25
https://www.ncbi.nlm.nih.gov/pubmed/22005913
https://doi.org/10.1183/09031936.00181410
https://www.ncbi.nlm.nih.gov/pubmed/23777928
https://doi.org/10.1016/j.humimm.2013.06.007
https://www.ncbi.nlm.nih.gov/pubmed/23238534
https://doi.org/10.1097/TP.0b013e31827a19cc
https://www.ncbi.nlm.nih.gov/pubmed/19444105
https://doi.org/10.1097/MOT.0b013e32832d399c
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1350982
https://www.ncbi.nlm.nih.gov/pubmed/15613541
https://doi.org/10.1182/blood-2004-09-3660
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3502767
https://www.ncbi.nlm.nih.gov/pubmed/23193478
https://doi.org/10.1155/2012/257086
https://doi.org/10.1016/S1053-2498(03)00114-1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2963681
https://www.ncbi.nlm.nih.gov/pubmed/20615726
https://doi.org/10.1016/j.healun.2010.05.025
https://www.ncbi.nlm.nih.gov/pubmed/29653839
https://doi.org/10.1016/j.hlc.2018.03.008
https://www.ncbi.nlm.nih.gov/pubmed/26897075
https://doi.org/10.1016/j.ijcard.2016.02.035
https://www.ncbi.nlm.nih.gov/pubmed/23777931
https://doi.org/10.1016/j.humimm.2013.06.014
https://www.ncbi.nlm.nih.gov/pubmed/28911876
https://doi.org/10.1016/j.trim.2017.09.001
https://www.ncbi.nlm.nih.gov/pubmed/27569939
https://doi.org/10.1016/j.transproceed.2016.04.009
https://www.ncbi.nlm.nih.gov/pubmed/15848491
https://doi.org/10.1016/j.transproceed.2004.12.043
https://www.ncbi.nlm.nih.gov/pubmed/12483219
https://doi.org/10.1038/ncb898
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3820003
https://www.ncbi.nlm.nih.gov/pubmed/23777935
https://doi.org/10.1016/j.humimm.2013.06.006
https://www.ncbi.nlm.nih.gov/pubmed/17229080
https://doi.org/10.1111/j.1600-6143.2006.01644.x
https://www.ncbi.nlm.nih.gov/pubmed/16698446
https://doi.org/10.1016/j.humimm.2006.02.007
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2820825
https://www.ncbi.nlm.nih.gov/pubmed/20145522
https://doi.org/10.1097/TP.0b013e3181bbbe4c
https://doi.org/10.1016/S0198-8859(00)00162-2
https://www.ncbi.nlm.nih.gov/pubmed/17462503
https://doi.org/10.1016/j.humimm.2007.01.006
https://www.ncbi.nlm.nih.gov/pubmed/18675346
https://doi.org/10.1016/j.coi.2008.07.005
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6519043
https://www.ncbi.nlm.nih.gov/pubmed/30129231
https://doi.org/10.1111/ajt.15082
https://www.ncbi.nlm.nih.gov/pubmed/23432943
https://doi.org/10.1111/ajt.12168
https://www.ncbi.nlm.nih.gov/pubmed/30458294
https://doi.org/10.1016/j.trim.2018.11.002
https://www.ncbi.nlm.nih.gov/pubmed/25808553
https://doi.org/10.1111/ajt.13119
https://www.ncbi.nlm.nih.gov/pubmed/24661626
https://doi.org/10.1111/tri.12282
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1899444
https://www.ncbi.nlm.nih.gov/pubmed/17525255
https://doi.org/10.2353/ajpath.2007.070061
https://www.ncbi.nlm.nih.gov/pubmed/24035513
https://doi.org/10.1016/j.ajpath.2013.07.030
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5328851
https://www.ncbi.nlm.nih.gov/pubmed/27613501
https://doi.org/10.1016/j.matbio.2016.09.003
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5221517
https://www.ncbi.nlm.nih.gov/pubmed/23876683
https://doi.org/10.1016/j.humimm.2013.07.001

Burcu GERCI et al.

Turkiye Klinikleri ] Med Sci. 2019;39(3):336-44

56.

57.

58.

59.

60.

Saini D, Weber J, Ramachandran S, Phelan
D, Tiriveedhi V, Liu M, et al. Alloimmunity-in-
duced autoimmunity as a potential mechanism
in the pathogenesis of chronic rejection of
human lung allografts. J Heart Lung Trans-
plant. 2011;30(6):624-31. [Crossref] [PubMed)]
[PMC]

Fhied C, Kanangat S, Borgia JA. Development
of a bead-based immunoassay to routinely
measure vimentin autoantibodies in the clini-
cal setting. J Immunol Methods. 2014;407:9-
14. [Crossref] [PubMed]

Riesco L, Irure J, Rodrigo E, Guiral S, Ruiz
JC, Gomez J, et al. Anti-perlecan antibodies
and acute humoral rejection in hypersensitized
patients without forbidden HLA specificities
after kidney transplantation. Transpl Immunol.
2019;52:53-6. [Crossref] [PubMed]

Dragun D, Catar R, Kusch A, Heidecke H,
Philippe A. Non-HLA-antibodies targeting an-
giotensin type 1 receptor and antibody medi-
ated rejection. Hum Immunol. 2012;73(12):
1282-6. [Crossref] [PubMed)]

Lemy A, Andrien M, Wissing KM, Ryhahi K,
Vandersarren A, Racapé J, et al. Major histo-

61.

62.

64.

compatibility complex class 1 chain-related
antigen a antibodies: Sensitizing events and
impact on renal graft outcomes. Transplanta-
tion. 2010;90(2):168-74. [Crossref] [PubMed]

Pearl MH, Leuchter RK, Reed EF, Zhang Q,
Ettenger RB, Tsai EW. Accelerated rejection,
thrombosis, and graft failure with angiotensin
I type 1 receptor antibodies. Pediatr Nephrol.
2015;30(8):1371-4. [Crossref] [PubMed]

Guzzo |, Morolli F, Camassei FD, Piazza A,
Poggi E, Dello Strologo L. Acute kidney trans-
plant rejection mediated by angiotensin Il type
1 receptor antibodies in a pediatric hyperim-
mune patient. Pediatr Nephrol. 2017;32(1):
185-8. [Crossref] [PubMed]

Kelsch R, Everding AS, Kuwertz-Broking E,
Brand E, Spriewald BM, Sibrowski W, et al. Ac-
celerated kidney transplant rejection and hyper-
tensive encephalopathy in a pediatric patient
associated with antibodies against angiotensin
type 1 receptor and HLA class II. Transplanta-
tion. 2011;92(10):e57-9. [Crossref] [PubMed]

Jobert A, Rao N, Deayton S, Bennett GD,
Brealey J, Nolan J, et al. Angiotensin Il type 1
receptor antibody precipitating acute vascular

344

65.

66.

67.

68.

rejection in kidney transplantation. Nephrology
(Carlton). 2015;20 Suppl 1:10-2. [Crossref]
[PubMed]

Lee J, Kim BS, Park Y, Lee JG, Lim BJ, Jeong
HJ, et al. The effect of Bortezomib on anti-
body-mediated rejection after kidney trans-
plantation. Yonsei Med J. 2015;56(6):1638-42.
[Crosstref] [PubMed] [PMC]

Narayan S, Tsai EW, Zhang Q, Wallace WD,
Reed EF, Ettenger RB. Acute rejection asso-
ciated with donor-specific anti-MICA antibody
in a highly sensitized pediatric renal transplant
recipient. Pediatr Transplant. 2011;15(1):E1-
7. [Crossref] [PubMed] [PMC]

Scornik JC, Guerra G, Schold JD, Srinivas TR,
Dragun D, Meier-Kriesche HU. Value of post-
transplant antibody tests in the evaluation of
patients with renal graft dysfunction. Am J
Transplant. 2007;7(7):1808-14. [Crossref]
[PubMed]

Rose ML, Smith J, Dureau G, Keogh A,
Kobashigowa J. Mycophenolate mofetil de-
creases antibody production after cardiac
transplantation. J Heart Lung Transplant.
2002;21(2):282-5. [Crossref]


https://doi.org/10.1016/S1053-2498(01)00335-7
https://www.ncbi.nlm.nih.gov/pubmed/17524074
https://doi.org/10.1111/j.1600-6143.2007.01855.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3878296
https://www.ncbi.nlm.nih.gov/pubmed/21199204
https://doi.org/10.1111/j.1399-3046.2010.01407.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4630054
https://www.ncbi.nlm.nih.gov/pubmed/26446648
https://doi.org/10.3349/ymj.2015.56.6.1638
https://www.ncbi.nlm.nih.gov/pubmed/25807851
https://doi.org/10.1111/nep.12421
https://www.ncbi.nlm.nih.gov/pubmed/22067217
https://doi.org/10.1097/TP.0b013e318234b337
https://www.ncbi.nlm.nih.gov/pubmed/27752765
https://doi.org/10.1007/s00467-016-3500-8
https://www.ncbi.nlm.nih.gov/pubmed/25956702
https://doi.org/10.1007/s00467-015-3123-5
https://www.ncbi.nlm.nih.gov/pubmed/20463636
https://doi.org/10.1097/TP.0b013e3181e228f7
https://www.ncbi.nlm.nih.gov/pubmed/22819838
https://doi.org/10.1016/j.humimm.2012.07.010
https://www.ncbi.nlm.nih.gov/pubmed/30458294
https://doi.org/10.1016/j.trim.2018.11.002
https://www.ncbi.nlm.nih.gov/pubmed/24657702
https://doi.org/10.1016/j.jim.2014.03.011
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3091959
https://www.ncbi.nlm.nih.gov/pubmed/21414808
https://doi.org/10.1016/j.healun.2011.01.708

