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Chapter 7

Summary and general discussion



Summary

Progression of kidney injury in native and transplanted kidneys has major implications for
quality of life and patient survival. Chronic kidney disease led to 1.2 million deaths
worldwide and was the 12th leading cause of death in 2017.% In addition, CKD led to 35.8
million disability-adjusted life years. Although kidney transplantation improves life quality
and life expectancy in most patients, development of injury in kidney grafts leads to severe
loss of quality of life in society.? Therefore, early recognition and prevention of kidney injury
in both native and transplanted kidneys are of vital importance. The current strategy to
recognize kidney injury is still dependent upon ‘old’ biomarkers, such as creatinine and
proteinuria, which only recognizes advanced kidney injury. For prevention of kidney injury,
physicians currently rely on regulation of blood pressure, minimizing proteinuria and
promoting a healthy lifestyle.

Novel biomarkers are needed to recognize kidney injury in an early stage, when serum
creatinine or proteinuria lack sensitivity. Therefore, two potential biomarkers, IGFBP7 and
TIMP-2, were evaluated in chapter 2 in the context of progressive kidney injury. These
biomarkers proved their added value in the context of acute kidney injury,>* but were not
thoroughly investigated in chronic kidney injury. Chapter 2 describes higher circulating
levels of both IGFBP7 and TIMP-2 in patients with diabetic nephropathy and to a lesser
extend in diabetes patients with a preserved kidney function. IGFBP7 is mainly dependent
upon kidney function, while TIMP-2 shows a different picture. As expected, type 1 diabetes
patients, who received a simultaneous pancreas-kidney transplantation (SPKT) or kidney
transplantation alone (KTA), had lower levels of IGFBP7 levels. However, TIMP-2 did not
normalize and persisted to be higher, most likely due to other diabetes-related factors, such
as systemic (micro)vascular damage. This finding is supported by a longitudinal study that
followed type 1 diabetes patients the first year after SPKT. After one year, lower levels of
circulating IGFBP7 persisted, while TIMP-2 levels at one year were comparable with pre-
transplant levels. In short, TIMP-2 and IGFBP7 may offer interesting opportunities in
monitoring early kidney injury.

Given the extensive amount of vascular injury in diabetes,® we next sought to investigate
long noncoding RNAs (IncRNAs), since IncRNAs have recently been identified to be
associated with vascular injury.®” In chapter 3, nine IncRNAs were selected from a panel of
40,173 IncRNAs, in a pilot study of six healthy controls and six patients with diabetic
nephropathy. These nine IncRNAs were studied further in the cohort described above.
MALAT1, LIPCAR, and LNC-EPHAG6 were present at higher circulating levels in patients with
diabetic nephropathy. After SPKT MALAT1, LIPCAR, and LNC-EPHA6 normalized within one
year. In addition, LIPCAR and LNC-EPHAG6 correlated significantly with the vascular marker
soluble thrombomodulin, while all three IncRNAs correlated with several vascular specific
micro RNAs, supporting the association of these IncRNAs with vascular injury. Taken
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together, although additional investigation is warranted, these LncRNAs may provide novel
options to monitor vascular injury in diabetes patients.

If progression to end-stage renal disease occurs, kidney transplantation is the preferred
treatment, concerning the quality of life and life expectancy.® Although transplantation
offers several benefits, it comes with uncertainties for the patient. The risk for rejection is
always present and injury, as a consequence of rejection, can be severe.®!° Since
(micro)vascular injury is an important feature of acute rejection,*! vascular IncRNAs, that
we identified in chapter 3, were determined in a cohort of kidney recipients with acute
rejection in chapter 4. Circulating LNC-EPHAG6 appeared to be higher during a rejection
episode, compared to healthy controls, and normalized one year after rejection to baseline
levels. The correlation between LNC-EPHA6 and soluble thrombomodulin, already
described in chapter 3, was confirmed in this cohort. This chapter pointed out the
association of LNC-EPHA6 with vascular injury in the context of acute rejection in kidney
recipients.

Especially acute antibody-mediated rejection (ABMR) can result in severe injury to the
transplanted kidney.'?>!3 ABMR is a rare condition and treatment options are only based on
little evidence and expert opinion.'* The primary aim is to avoid ABMR from developing.
Risk assessment before transplantation is of vital importance. In chapter 5, the incidence
and risk factors of ABMR are studied. The vast majority of kidney recipients from an
unrelated living donor with ABMR in the first six months after transplantation consists of
female recipients, who received a donor kidney from their male spouse. It is suggested that
previous pregnancies caused an antibody response in the female recipient against the
father of the child (and thus the donor of the kidney). Due to small numbers, a correlation
between ABMR and pregnancies in this group was not observed. A retrospective, detailed
risk assessment revealed pre-transplant donor specific antibodies (DSAs) in the majority of
ABMR patients. The single antigen bead assay identified DSAs in 83% of female recipients
of a male spouse, while the current detection strategy only identified 17%. Implementation
of the single antigen bead assay as standard work-up in this group may prevent a proportion
of ABMR to develop.

Chronic injury in the graft is characterized by the presence of fibrosis in the transplanted
kidney and has multiple causes. A major cause of fibrosis formation is the use of calcineurin
inhibitors (CNI), as part of the immunosuppressive regime.’ Therefore, a cellular therapy
with mesenchymal stromal cells (MSCs) is described in chapter 6 with the aim to withdraw
CNI at an early time point after renal transplantation. In this randomized controlled trial,
MSCs were administered to kidney transplant recipients six and seven weeks after
transplantation with subsequent withdrawal of the CNI (tacrolimus). Protocol renal biopsies
4 and 24 weeks after transplantation showed comparable fibrosis between treated patients
and a control group with a standard immunosuppressive regime, including a CNI.
Withdrawal of tacrolimus did not increase rejection rates significantly (3% in the MSC group)
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and slightly less infection related adverse events were documented in the MSC group.
Interestingly, regulatory T-cells were significantly higher in MSC patients 24 weeks after
transplantation, compared with controls. Therefore, chapter 6 concludes that MSC therapy
is a promising alternative for CNI in kidney transplantation, with comparable rejection rates.

General discussion

Early recognition and prevention of kidney injury remains a major challenge. In this thesis,
biomarkers, such as IGFBP7, TIMP-2 and specific IncRNAs show their potential as novel
means to identify kidney injury. However, before these biomarkers may be implemented in
clinical practice, several steps have to be taken. Most importantly, the studies described
here did not include patients having an early stage of kidney injury. In addition, prognostic
value of these markers for decline in kidney function or kidney failure could not be
determined, since this requires follow up of diabetes patients in a very early stage.
Nonetheless, they offer the opportunity for further research into these novel biomarkers to
identify patients at risk for developing end-stage renal disease in the earliest stage possible.

Chronic kidney injury

In the context of chronic kidney injury, novel biomarkers might be of added value to
improve diagnostic approaches and potentially increase knowledge about the
pathogenesis. Especially biomarkers in urine and blood can be important tools in the
diagnostic process as an easy and cost-efficient way to improve knowledge about the
amount of injury in the kidney. In chapter 2, we showed the value of circulating IGFBP7 and
TIMP-2 in the discrimination between patients with or without kidney injury or systemic
vascular injury, while these already showed their value as urinary biomarkers.'® Urinary
IGFBP7 and TIMP-2 are considered to be related to tubular injury,'” while our study focusses
on IGFBP7 and TIMP-2 in the circulation and their relation with endothelial injury as well.
Since DM patients who received an SPKT had higher TIMP-2 levels, the amount of chronic
systemic vascular injury, due to the long history of DM, may be associated with circulating
TIMP-2 levels. This hypothesis is supported by the correlation with markers of vascular
injury and higher levels of TIMP-2 in diabetes patients and chronic injury in kidney
transplantation.® In chapter 3, we found a similar association between systemic vascular
injury in DM patients and three IncRNAs (i.e. MALAT1, LIPCAR, and LNC-EPHAG®). In addition,
both LNC-EPHA6 and LIPCAR were correlated with the vascular marker soluble
thrombomodulin and vascular-injury related micro RNAs. In order to study the early diabetic
injury, studying a group of diabetes patients with an early stage of kidney injury, while still
having a normal kidney function (eGFR >90ml/min/1.73m?), would be very interesting. In
these patients hyperfiltration occurs and vascular injury is already present. Studying these
patients in time would also enable the prediction of development of more severe kidney
injury with a decreased eGFR.
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In studying noncoding RNAs, such as IncRNAs, it is important to note that noncoding RNAs
not only play a role in transcription, splicing, and translation, but do also interact with other
types of noncoding RNAs. E.g. Beermann et al. previously described that IncRNAs may
function as a sponge for micro RNAs (and thereby alter their expression), next to
transcription regulation and posttranscriptional control.'® Therefore, studying noncoding
RNAs should not be limited to one type of noncoding RNA, but should include other
noncoding RNAs next to IncRNAs, such as micro RNAs, because of their presumed
interactions. In addition, a more robust conclusion can be drawn, because specific micro
RNAs are described in vascular injury as well. Most IncRNA levels are expressed at low
levels?®, complicating their detection, especially compared to micro RNAs, and this may limit
the implementation of IncRNAs in clinical practice. It would be beneficial if more sensitive
detection methods would be developed for the clinical use of IncRNAs as biomarkers.

Although clear differences are observed in chapter 2 and 3, the studies described here are
not suitable for analysis of the causative relationship between TIMP-2 and IncRNAs with
systemic vascular injury. Previous research suggests an active role of both TIMP-2 and
IncRNAs in the occurrence of vascular injury.®?! TIMP-2 is presumed to alter basement
membrane degradation and rebuilding and MALAT1, as an example, is suggested to regulate
hyperglycemia-induced endothelial inflammation. Further research is needed to clarify the
relationship between these biomarkers and early diabetes related vascular injury. In
addition, other factors, such as immunosuppressive drugs, may alter circulating levels of
IGFBP7 and TIMP-2, as described before.?? Nonetheless, we included DM patients with a
kidney transplantation alone as a control group for DM patients with a simultaneous
pancreas-kidney transplantation, that received largely similar immunosuppressive drugs.

Furthermore, we should be cautious yet in drawing strong conclusions from the studies
performed in chapters 2 and 3, due to the limited group size. However, we show interesting
changes in diabetes patients and pancreas-kidney recipients, that offer the opportunity to
further investigate these groups of biomarkers for the detection and monitoring of chronic
vascular injury. Additionally, this may also improve knowledge about the development of
diabetes related injury.

Acute rejection

Impairment of kidney function due to vascular injury is not limited to native kidneys. After
transplantation, vascular injury is an important cause of renal failure as well. Acute rejection
is one of the major causes of vascular inflammation and subsequent injury and graft failure
after transplantation. LNC-EPHAG is described in chapter 3 to associate with vascular injury,
due to diabetes and showed the same association with vascular injury due to T-cell
mediated rejection in chapter 4. The same trend was observed in LIPCAR levels, without
reaching statistical significance. Interestingly, we observed a correlation between LNC-
EPHAG and soluble thrombomodulin in both chapter 3 and 4. Given that sTM is a marker of
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endothelial injury and dysfunction,?® this also suggests a link of LNC-EPHA6 with endothelial
cell injury. Previously, IncRNAs AF264622 and AB209021 were described as potential
diagnostic biomarkers for acute rejection.?* Since our study focused on previously selected
vascular specific IncRNAs, we did not determine these IncRNAs.

Identification of biomarkers in the context of rejection can be complicated, since rejection
frequently coincides with a diminished eGFR with subsequent changes in excretion of the
biomarkers. Interestingly, in the longitudinal study, creatinine clearance did not change
significantly from 1 month to 12 months after rejection, while we did find changes in
vascular injury markers. This emphasizes the importance of sensitive biomarkers to detect
vascular damage that doesn’t translate into higher creatinine or increased proteinuria.
Although speculative, the type of rejection treatment may also affect IncRNA levels. To rule
out the influence of rejection treatment, LNC-EPHA6 should be determined in a larger
cohort with a standardized rejection treatment. Since ABMR is characterized by even more
vascular injury,** assessment of LNC-EPHAG levels in a large ABMR cohort is very interesting.
subsequently deteriorated graft function and even graft failure, as we found in chapter 5. A
cohort, consisting of kidney recipients with unrelated living donors, was studied to assess
the outcome of early acute ABMR in this population. One year graft survival was only 56%
in patients with early acute ABMR, compared with 97% in the entire cohort. In the patients
with a functioning allograft, kidney function was significantly worse in ABMR patients,
compared with recipients with TCMR or no rejection. Interestingly, female recipients from
a spousal donor kidney were at risk for ABMR. This is in accordance with previously
described cases, where previous pregnancies in particular play a role in the development of
preformed donor-specific antibodies and thereby increased risk for ABMR.2>2¢ The main
limitation in our analysis is that only a small proportion of the cohort developed ABMR.
Although ABMR is a rare condition, the severe consequences make prevention of ABMR
necessary. Stronger induction therapy (alemtuzumab) does not prevent ABMR in high risk
patients. Therefore, more sensitive screening by the single antigen bead assay is needed in
high risk populations to lower the initial risk of ABMR.

Chronic injury after kidney transplantation

Minimization of prescription of CNI is one of the strategies to decrease the amount of
chronic injury after kidney transplantation.’>?” However, complete avoidance of CNI leads
to unacceptable rejection rates.?® In chapter 6, a randomized, controlled trial is described,
in which kidney recipients receive MSC therapy as a replacement for prescribed calcineurin
inhibitors. As previously described, MSCs condition the immune system in different ways,
resulting in Tregs that enable self-sustaining tolerogenic activity. In particular in the field of
Hematology, MSCs proved their immunomodulatory capacities in graft-versus-host-
disease.?® Interestingly, we found higher numbers of Tregs in the MSC group, compared
with the control group. This may have created a favorable immunological state in patients
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to withdraw the CNI. After withdrawal of the CNI, also less infectious adverse events were
reported in the MSC group.

In both the MSC group and the control group, rejection rates were low. Next to MSC therapy
in the MSC group, alemtuzumab induction therapy may also play a role in the low incidence
in the MSC patients without CNI. However, long term results (after the therapeutic window
of alemtuzumab) show a low incidence of rejection as well. ABMR was not reported in both
groups, but patients in the MSC group (and withdrawal of CNI) did have more de novo DSAs.
Although these de novo DSAs did not lead to inferior graft survival or graft function, CNI was
restarted in these patients.

Unfortunately, still a limited amount of randomized, controlled trials with MSC therapy has
been performed worldwide. Further studies are required to increase knowledge about the
clinical applications and their potential. We believe, that this study enables the next step to
implementation of MSC therapy in the context of kidney transplantation in clinical practice.

In conclusion, we found specific tubular and vascular markers to be associated with the
development of chronic kidney injury. Specific vascular IncRNAs increase in diabetic
nephropathy and decrease after SPKT. Tubular markers IGFBP7 and TIMP-2 increase in
diabetes. IGFBP7 decreases in case of an improved kidney function, while TIMP-2 remains
high in patients who received an SPKT. Although these markers are not yet ready for
implementation in the diagnostic process, they showed their potential as a biomarker and
increase the knowledge about the pathophysiology of development of kidney injury.
Secondly, we found the single antigen bead assay to be of added value in the screening
process of female kidney recipients from a male spousal donor. This may prevent ABMR
after kidney transplantation and therefore improve graft survival. Lastly, we demonstrated
MSC therapy to be a feasible alternative for prolonged CNI use in kidney recipients. It was
suggested that MSC therapy led to a regulatory response and fibrosis formation did not
increase, compared with standard treatment.
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